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BACKGROUND: Hearing loss significantly impacts
health-related quality of life (QoL), yet the effects of cur-
rent treatments on QoL utility remain uncertain. Our
objective was to describe the impact of untreated and
treated hearing loss on QoL utility to inform hearing
healthcare policy.

METHODS: We searched databases for articles published
through 02/01/2021. Two independent reviewers
screened for articles that reported elicitation of general
QoL utility values for untreated and treated hearing loss
health states. We extracted data and quality indicators
from 62 studies that met the inclusion criteria.
RESULTS: Included studies predominately used obser-
vational pre/post designs (61%), evaluated unilateral
cochlear implantation (65%), administered the Health
Utilities Index 3 (HUI3; 71%), and were conducted in
Europe and North America (84%). In general, treatment
of hearing loss improved post-treatment QoL utility
when measured by most methods except the Euro-
QoL 5 dimension (EQ-5D). In meta-analysis, hearing
aids for adult mild-to-moderate hearing loss compared
to no treatment significantly improved HUI3-estimated
QoL utility (3 studies; mean change=0.11; 95% confi-
dence interval (CI): 0.07 to 0.14) but did not impact EQ-
5D-estimated QoL (3 studies; mean change=0.0; 95%
CI: —0.03 to 0.04). Cochlear implants improved adult
QoL utility 1-year post-implantation when measured by
the HUI3 (7 studies; mean change=0.17; 95% CI: 0.11
to 0.23); however, pediatric VAS-estimated QoL utility
was non-significant (4 studies; mean change=0.12;
95% CI: —0.02 to 0.25). The quality of included studies
was limited by failure to report missingness of data and
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low survey response rates. Our study was limited by
heterogeneous study populations and designs.
FINDINGS: Treatment of hearing loss significantly
improves QoL utility, and the HUI3 and VAS were most
sensitive to improvements in hearing. Improved access to
hearing healthcare should be prioritized.

SYSTEMATIC REVIEW REGISTRATION: PROSPERO:
CRD42021253314

KEY WORDS: cochlear implant; hearing aid; hearing loss; health state
utility values; systematic review.
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INTRODUCTION

Nearly 1.5 billion people have hearing loss worldwide.! Unad-
dressed hearing loss has far-reaching consequences, adversely
impacting quality of life, language development, social well-being,
educational attainment, and occupational opportunities." ? How-
ever, the impact of hearing loss and its treatment on general
patient-reported health-related quality of life (QoL) utility are
poorly understood. * A recent systematic review that only in-
cluded RCTs identified two studies reporting QoL benefits of
hearing aids, but did not report QoL utility.®

QoL utility values quantify patient preferences for health
states and treatments.” ® Utility values generally include 0.0,
indicating death, and 1.0, indicating perfect health, and are
obtained through direct methods (i.e., elicitation through stan-
dard gamble or time trade-off) or indirect methods (e.g., a
generic QoL questionnaire). Health state utility values differ
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from routine measures of QoL in that each possible health
state combination from a QoL measure is transformed into a
utility value through scoring functions often based on prefer-
ence experiments. QoL utilities may be used to calculate
quality-adjusted life years (QALYSs) as the effectiveness input
in cost-effectiveness analysis, which is particularly important
for hearing loss since interventions are aimed at improving
QoL rather than survival.

High-quality utility values for hearing loss and its treatment
will prove critical as policy makers consider possibilities for
scale-up of hearing and other healthcare. This systematic
review seeks to identify and synthesize current estimates of
QoL utility values (from both RCTs and observational studies)
for untreated and treated hearing loss and thereby to inform
economic analyses and hearing healthcare clinical and policy
decision-making.” '° The key questions were as follows: (1)
what are the patient-reported health state utility values for
untreated hearing loss, and (2) what is the change in utility
for the patient’s general QoL utility after undergoing current
treatments for hearing loss?

METHODS

This systematic utilized the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) checklist
in its reporting (Appendix 1)."'" We registered our systematic
review in PROSPERO (CRD42021253314). We collaborated
with clinical and public health experts on the Lancet Commis-
sion on hearing loss™'? to define our key questions through
three videoconference sessions.

Health State Mapping

As recommended by the National Institute for Health and Care
Excellence (NICE) guidelines for systematic reviews of utility
values, we mapped hearing loss health states with the Lancet
Commission on Hearing Loss (Appendix 2). Hearing loss
severity was defined by better-ear pure tone average hearing
levels in decibels hearing level (dB HL), where mild was 26—
40 dB HL, moderate was 41-60 dB HL, severe was 61-80 dB
HL, and profound was 81 dB HL or greater. These severity
strata were defined at the outset of the analysis, prior to
publication of revised World Health Organization
definitions."?

Literature Search and Arlicle Selection

We consulted with a medical librarian to search PubMed,
Embase, Scopus, CINAHL EBSCO, and Global Health
EBSCO on 1 February 2021. Search terms were related to (1)
hearing loss; (2) utility; and (3) quality of life (Appendix 3).
Inclusion criteria were full-length, peer-reviewed studies
eliciting patient-reported health state utility values for hearing
loss health states that included >20 patients (see Appendix 4
for a completed Population, Intervention, Comparison,

Outcomes framework). We included RCTs and observational
studies. Articles were screened for inclusion at the abstract and
full-text levels by two independent reviewers (EDB, KK, NF,
GZ, MKH). We excluded articles that derived utility for con-
ditions with significant quality of life effects other than hear-
ing loss (e.g., Meniere’s disease) and articles where hearing
loss was not audiometrically confirmed. The two independent
reviewers screened all articles, and inclusion/exclusion con-
flicts were resolved by discussion or a third investigator.

Data and Exiraction

We used guidelines published by the NICE to guide our data
collection.'* We extracted data related to setting and popula-
tion, treatment status, study design, hearing loss severity and
laterality, utility measure, outcome type, and utility estimate
values in utils (EDB, KK, NF, GZ, MKH). All extractions
were reviewed by a second investigator (EDB, KK, NF), with
disagreements settled by a third investigator.

Quality Assessment

One investigator extracted quality indicators (EDB, KK, NF,
MKH), and a second investigator independently read the
articles and reviewed the extractions (EDB, KK).'* Disagree-
ments were resolved by consensus or a third investigator. We
operationalized a NICE quality measure where we evaluated
each of the following criteria: (1) sample size > 100; (2)
description of respondent selection and recruitment; (3) de-
scription of inclusion/exclusion criteria; (4) description of
response rate and response rate > 60%; (5) reporting of
attrition/loss to follow-up (for longitudinal studies only); (6)
reporting of missingness of data and approaches to handle
missingness; and (7) appropriateness of measure (Appendix
5).!% 1© We report whether each individual study met quality
criteria 1-7 in Appendix 6, and qualitatively assessed the
overall quality of included studies.

Data Synthesis and Analysis

In the text, we summarized data of studies able to be synthe-
sized quantitatively and other results are in Appendix 8. Quan-
titative data synthesis was undertaken if >3 studies used iden-
tical measures to report health state utility values in a suffi-
ciently homogenous way with respect to population, health
state, and study design. Our primary outcome was mean
change in health state utility values between hearing loss
health states. Variables used to group populations included
age (< or >18 years), hearing health state, and treatment status.
We synthesized health state utility values obtained closest to a
maximum of 1 year of follow-up after receiving a hearing aid
or a cochlear implant, and also synthesized measures obtained
at the longest point of follow-up beyond 1 year. When studies
reported pre/post scores only, we calculated the mean change
score as the difference in post minus pre means, and the
change score variance utilizing pre and post variances and
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assuming a conservative 0.5 correlation. We transformed me-
dian and range/IQR change scores into means and standard
deviations.'” We used a random-effects restricted maximum-
likelihood (REML) estimator, in R statistical package (The R
Foundation; metafor meta-analysis library, version 1.9-7), to
generate summary values and the Knapp-Hartung approach to
further adjust standard errors.'® '°

Role of the Funding Source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report.

RESULTS
Summary of Included Studies

Our search yielded 1561 articles, from which 64 articles
representing 62 studies met the inclusion criteria (Fig. 1;

1,561 citations
identified by

Tables 2 and 3). Studies were predominantly conducted in
Europe (n=34, 55%) and North America (n=18, 29%). Few
studies were conducted in other regions: Africa (n=2, 3%);
Asia (n=7, 11%); Australia and New Zealand (n=4, 6%); and
South America (n=1, 2%; Table 1). Forty-eight studies evalu-
ated hearing loss strategies exclusively in adult populations
(77%), 13 in pediatric populations (21%), and one included
both (2%). Observational pre/post was the most common
study design (n=38, 61%), followed by comparative and
non-comparative cross-sectional studies (n=18, 29%). Studies
assessed multi-attribute utility values using the Assessment of
Quality of Life (AQoL; n=2; 3%), Euro-Qol 5-Dimension
(EQ-5D; n=15, 24%); Euro-Qol-5 Dimension 5 Level (EQ-
5D-5L; n=1, 2%), Health Utilities Index 3 (HUI3; n=44,
71%), Health Utilities Index 2 (HUI2; n=5, 8%), Pediatric
Quality of Life Inventory (PedsQL; n=1, 2%), or Quality Well-
being Scale (QWB; n=1, 2%). Studies directly elicited health
state utility values using time trade-off (TTO; n=5, 8%) and

search

37 added from manual search of
previously published systematic
review bibliographies

1,598 unique
citations identified

1,204 abstracts excluded

394 passed

abstract screening

120 articles

-Not peer-reviewed: 22

-Not related to hearing loss: 12

-Not patient generated general QoL: 7
-Did not elicit general QoL: 134

-Had cause-specific hearing loss: 79
-HL not audiometrically confirmed: 20

274 articles excluded:

included at full

representing 62 studies
that reported patient

- 12 with sample sizes < 20 patients
- 38 did not report utility values

text level
6 systematic reviews were identified
and cross-referenced
64 articles 50 articles were not extracted

generated, general QoL
were abstracted

Figure 1 Literature flow diagram. The figure depicts the flow of studies from search identification to eventual inclusion or exclusion in the
systematic review. We manually searched references of previously published systematic reviews identified through our search strategy for
potentially relevant articles to include for assessment at the Abstract level. QoL, health-related quality of life.
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Table 1 Study Characteristics

Characteristic Number of
Studies
(n=62 in all)*
Continent
Europe 34 (55%)
North America 18 (29%)
Asia 7 (11%)
Australia and New Zealand 4 (6%)
Africa 2 (3%)
South America 1 (2%)
Population
Pediatric only 13 (21%)
Adult only, >18y 48 (77%)

Both 1 (2%)
Health Utility Measure Used
Multi-attribute Utility Instruments

Assessment of Quality of Life (AQoL) 2 (3%)
EuroQol-5 Dimension (EQ-5D) 15 (24%)
EuroQol-5 Dimension 5-Level (EQ-5D-5L) 1 2%)
Health Utilities Index 3 (HUI3) 44 (71%)
Health Utilities Index 2 (HUI2) 5 (8%)
Pediatric Quality of Life Inventory (PedsQL) 1 2%)
Quality Wellbeing Scale (QWB) 1 2%)
Direct elicitation
Time Trade-Off (TTO) 5 (8%)
Visual Analog Scale (VAS) 15 (24%)
Discrete Choice Experiment, reported in 2 (3%)

Disability-Adjusted Life Years'

Hearing Loss Severity
Mild 7 (11%)
Moderate 17 (27%)
Severe 10 (16%)
Profound 45 (73%)
Unspecified 2 (3%)
No Hearing Loss 2 3%)

Treatment Type
Untreated 10 (16%)
Acoustic hearing aids 12 (19%)
Implantable hearing aids 5 (8%)
Unilateral cochlear implants 40 (65%)
Bilateral cochlear implants 6 (10%)
Bimodal 4 (6%)

*Not all categories sum to 62 (or 100%) as some studies may be
represented more than once

"The Global Burden of Disease used discrete choice experiments to
calculate disability weights for disability-adjusted life years for all
conditions in their study, including hearing loss

visual analog scale (VAS; n=15, 24%) methods. Two studies
(3%) reported disutility in DALY's using discrete choice exper-
iment (DCE) methods. The most common treatment was uni-
lateral cochlear implantation (n=40, 65%). Other treatments
were acoustic hearing aids (n=12, 19%), implantable hearing
aids (n=5, 8%), bilateral cochlear implantation (n=6, 10%), and
bimodal stimulation (cochlear implant + contralateral hearing
aid) (n=4, 6%). Ten studies (16%) included untreated hearing
loss, and in four studies, the treatment status was not described
(6%).

Quality of Included Studies

The most frequent quality deficits identified in included stud-
ies were failure to report missing data and/or approaches to
deal with it (n=39, 63%) and failure to report response rate
and/or have a response rate >60% (n=22, 35%) (Appendix 6).
While sample size is generally a poor indicator of study

quality, utility values used for population-level decision-mak-
ing should be measured in a representative sample and 58% of
included studies had sample sizes <100.

Untreated Hearing Loss

Ten studies (11 articles)®* ™ reported utility values for un-

treated hearing loss health states, with one reporting untreated
hearing loss in children (Table 2).>° Two large cross-sectional
studies assessed DALY effects of hearing loss using DCE
techniques, reporting utility value decrements of 0.005 to
0.010 for mild hearing loss, 0.023 to 0.027 for moderate
hearing loss, 0.032 to 0.158 for severe hearing loss, 0.031 to
0.204 for profound hearing loss, and 0.033 to 0.215 for com-
plete hearing loss compared to no hearing loss.”” ** Two
studies measured utility of hearing loss in a large population-
based Korean adult sample using the EQ-5D and VAS, but the
treatment status was not described.>"* 3> One study compared
the utility of no hearing loss to moderate, severe, and profound
hearing loss in children, but treatment status was unclear.””

The remaining studies assessed utility in persons without
hearing loss treatment without a comparison group. Adult
studies reported EQ-5D-estimated utility for untreated mild
hearing loss (range: 0.790 to 0.840) and untreated moderate
hearing loss (range: 0.690 to 0.870).2% 2! 2* 2% In general,
studies using the HUI3 yielded lower utility estimates for both
mild (range: 0.560 to 0.713) and moderate (range: 0.560 to
0.647) untreated hearing loss as compared to estimates gener-
ated by the EQ-5D and SF-6D.?% 2% 25 26. 29

Acoustic Hearing Aids

Three studies with a pre/post design measured the effect of
hearing aids for mild-to-moderate adult hearing loss on QoL
using the HUI3 (Appendix 7, Fig. 2A, Table 3).%* %> 26 In
meta-analysis, hearing aids significantly improved adult QoL
utility when measured by the HUI3 (mean change=0.11; 95%
confidence interval (CI): 0.07-0.14). However, in three studies
that measured change in QoL utility after hearing aid using the
EQ-5D, no significant benefit was seen (Appendix 7, Fig. 2B;
mean change=0.0; 95% CI: —0.03 to 0.04).> ** 2% 3 One
study included in both syntheses used the HUI3 and the EQ-5D
in their population, finding mean change scores of 0.12 (stan-
dard error, SE=0.02) with the HUI3 and 0.01 with the EQ-5D
(SE:O.02).26 Additionally, one RCT found improved 3-month
HUI3-estimated QoL utility for early (mean utility=0.77,
SD=0.19) vs. delayed (mean=0.65, SD=0.25) fittings of hear-
ing aids for persons identified through screening as having
mild-to-moderate hearing loss.** Four additional observational
pre/post studies used VAS, HUI2, and SF-6D to assess the
utility impact of hearing aids in adults with mild-to-moderate
hearing loss.>> % ** One cross-sectional study measured QoL
using the EQ-5D in patients primarily using hearing aids.>*
Two studies evaluated hearing aid treatment in children, al-
though neither compared hearing aid use to no treatment.>> *°
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A Adult acoustic hearing aids for mild-to-moderate hearing loss compared to no treatment

measured by HUI3.

Study Follow-up Mean difference [95% CI]
Davis, 2007 [25] 3 — 0.075[0.038, 0.112]
Grutters, 2007 [26] 3 —— 0.120[0.078, 0.162]
Kaur, Group 1, 2020 [22] 6 —— 0.122[0.098, 0.147]
Kaur, Group 2, 2020 [22] 3 m 0.106 [0.073, 0.140]
RE Model (12 = 34.85%) : —————— 0.108 [0.074, 0.141]

| — T T |
-0.100  -0.025 0.050 0.125 0.200

Mean difference

B Adult acoustic hearing aids for mild-to-moderate hearing loss compared to no treatment

measured by EQ-5D.

Study Follow-up Mean difference [95% CI]
Grutters, 2007 [26] 6 —m— 0.000 [-0.028, 0.028]
Joore, 2003 [33] 4 j 0.030 [-0.025, 0.085]
Vuorialho, 2006 [23] 6 —%— 0.000 [-0.037, 0.037]
RE Model (12 = 0%) —_— 0.004 [-0.028, 0.036]

[ I 0 I I 1
0100 -0.025  0.050  0.125  0.200

Mean difference

C Adult implantable hearing aids compared to pre-

implantation measured by the HUI3.

Study Follow-up Mean difference [95% CI]
den Besten, 2019 [37] 6 % 0.070[0.005, 0.135]
Edfelt, 2014 [38] 6 f 0.090 [0.002, 0.178]
Monksfield, 2011 [40] 6 — . 0.070 [0.009, 0.131]
RE Model (12 = 0%) ' —_ 0.074 [0.050, 0.099]

I T 0 T T 1
-0.100 -0.025 0.050 0.125 0.200

Mean difference

Figure 2 Hearing aid meta-analyses. The figure presents the forest plots for meta-analyses of mean change scores for (A) adult acoustic hearing
aids for mild-to-moderate hearing loss compared to no treatment measured by HUI3, (B) adult acoustic hearing aids for mild-to-moderate
hearing loss compared to no treatment measured by EQ-5D, and (C) adult implantable hearing aids compared to pre-implantation measured
by the HUI3. Estimates to the right of the x-axis show a positive utility increase after intervention. CI, confidence interval; RE, random effects.

Implantable Hearing Aids

Four studies compared implantable hearing aid health states to
pre-implantation states in adults with moderate-to-severe
hearing loss, all using a pre/post design (Table 3).>”*° In
meta-analysis, three studies found an HUI3-estimated mean
change of 0.07 after receipt of an implantable hearing aid
(Appendix 7, Fig. 2C; 95% CI: 0.05 to 0.10).%7: 38 40
Another study did not find a significant benefit of implant-
able hearing aids or bone conduction hearing aids (the latter
using stimulators on the skin surface) compared to non-
implanted acoustic hearing aids.>’ One cross-sectional
study in Europe evaluated utility in pediatric patients with
implantable hearing aids (Appendix 8).*'

Adult Cochlear Implantation

Seventeen studies assessed the impact of cochlear implanta-
tion compared to pre-cochlear implantation (with a mix of
hearing aid use prior to implantation) in adults with bilateral
severe-to-profound hearing loss using the HUI3 and a pre/post
design (Table 4).2% **~>7 The mean change in HUI3-estimated
utility after cochlear implantation was 0.16 (11 studies; 95%
CI: 0.14 to 0.19; Appendix 7, Fig. 3A) when measured 1 year
or less from the time of implantation, and 0.17 when measured
beyond 1 year after implantation (7 studies; 95% CI: 0.11 to
0.23; Appendix 7, Fig. 3B). Three studies were unable to be

included in meta-analysis due to no data reported on vari-
ance 46, 55, 57
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A Adult cochlear implantation compared to pre-implantation measured by HUI-3, <12 months
of follow-up.

Study Follow-up Mean difference [95% Cl]
UK CI Group, 2004 [42] 12 - 0.197 [0.176, 0.218]
Bergman, Males, 2020 [44] 12 e 0.210 [ 0.120, 0.300]
Bergman, Females, 2020 [44] 6 ' | 0.200 [ 0.091, 0.309]
Czerniejewska-Wolska, 2019 [45] 12 )—-—< 0.070 [-0.019, 0.159]
Lenarz, 2017 [49] 12 . 0.149[0.114, 0.184]
Muller, 2021 [50] 12 e 0.160[0.110, 0.210]
Palmer, 1999 [51] 12 . 0.200 [ 0.151, 0.249]
Ramakers, 2016 [52] 12 - 0.150 [ 0.090, 0.210]
Runge, 2016 [53] 12 — . 0.150 [ 0.087, 0.213]
Sladen, 2017 [54] 12 ' | 0.030 [-0.065, 0.125]
Summerfield, 2002 [29] 12 —a— 0.188 [ 0.150, 0.226]
Zwolan, <65, 2014 [56] 12 ' | 0.158 [-0.023, 0.339]
Zwolan, >65, 2014 [56] 9 t i 0.118 [-0.090, 0.326]
RE Model (12 = 51.05%) e e 0.164 [ 0.136, 0.191]

\ (:J T T T 1
-0.100 0.025 0.150 0.275 0.400

Mean difference

B Adult cochlear implantation compared to pre-implantation measured by HUI3, >12 months of

follow-up.

Study ) Follow-up Mean difference [95% Cl]
Arnoldner, 2014 [43] 24 i —— 0.146 [0.105, 0.187]
Bergman, Males, 2020 [44] 36 0.150 [0.041, 0.259]
Bergman, Females, 2020 [44] 36 0.160 [0.054, 0.266]
Damen 1, 2007 [47] 31 ——a——  0.320[0.262, 0.378]
Damen 2, 2007 [47] 72 " 0.150 [0.055, 0.245]
Francis, 2002 [48] 48 —_— 0.240 [0.146, 0.334]
Lenarz, 2017 [49] 36 - 0.082[0.008, 0.156]
Muller, 2021 [50] 36 § —— 0.179[0.131, 0.227]
Ramakers, 2016 [52] 17 —— 0.102 [0.032, 0.173]
RE Model (12 = 78.52%) e 0.171[0.114, 0.228]

T o1 T T ]
-0.100 0.025 0.150 0.275 0.400

Mean difference

C Pediatric cochlear implantation compared to pre-implantation measured by VAS.

Study Follow-up Mean difference [95% Cl]
Jianxin, 2017 [72] 23 : P 0.260 [ 0.195, 0.325]
Sach, 2007 [75] 48 : — 0.140[0.100, 0.180]
Clark, Implanted <18mo, 2012 [71] 48 — . -0.010 [-0.045, 0.025]
Clark, Implanted 18-36mo, 2012 [71] 48 — 0.057[0.015, 0.099]
Clark, Implanted >36mo, 2012 [71] 42 —— -0.018 [-0.068, 0.032]
Cheng, 2000 [70] 12 : —— 0.270[0.222, 0.318]
RE Model (12 = 96.77%) 0.115[-0.019, 0.250]

\ o T T T ]
-0.100 0.025 0.150 0.275 0.400

Mean difference

Figure 3 Cochlear implant meta-analyses. The figure shows the forest plots for meta-analyses of mean change scores for (A) adult cochlear

implantation compared to pre-implantation measured by HUI3, <12 months of follow-up; (B) adult cochlear implantation compared to pre-

implantation measured by HUI3, >12 months of follow-up; and (C) pediatric cochlear implantation compared to pre-implantation measured by

VAS. Estimates to the right of the x-axis show a positive utility increase after intervention. CI, confidence interval; mo, month; RE, random
effects.

Several pre/post studies used different measures in the same on the utility elicitation method used. One study included in
population and intervention and found different results based the HUI3 meta-analysis also reported a non-significant pre/



476 Borre et al.: Systematic Review: Hearing Loss Utility Values JGIM

post-cochlear implantation change score using the SF-6D of
0.02 (SE=0.01), despite showing significant differences using
the HUI3 (mean change=0.15, SE=0.02).*> Another pre/post
study compared unilateral cochlear implantation to the pre-
cochlear implantation health state using VAS, finding median
changes of 0.05 (range: —0.25 to 0.54) and 0.04 (range: —0.29
to 0.56) at 12 and 24 months, but found no change when using
the EQ-5D.>>

Two other pre/post studies compared unilateral cochlear
implantation to pre-implantation states using the EQ-5D, both
finding non-significant changes.’” >> Time trade-off methods
were used in one pre/post study, revealing a mean change of
0.24 over 12 months.’® Other utility elicitation measures in-
cluded the AQoL and HUI2 (Appendix 8).”® *° One study
included patients with unilateral hearing loss and found post-
cochlear implant HUI3-estimated utility increment of 0.11 at 2
years.®® Additionally, eight studies assessed QoL in cochlear
implantation with a cross-sectional design and without a com-
parison group (Appendix 8).01-68

Pediatric Cochlear Implantation

We identified ten studies that estimated the QoL utility for
pediatric cochlear implantation (Table 4).°% ®~"7 Four
studies used the VAS to compare pediatric cochlear im-
plantation to pre-implantation states, and the synthesized
QoL utility change was 0.12; however, the 95% confi-
dence interval included no treatment effect (Appendix 7,
Fig. 3C; 95% CI: —0.02 to 0.25).”% 7> 7° One high-quality
study included in the meta-analysis found non-significant
effects of cochlear implantation on parent-reported utility
measured by VAS; however, the study did find significant
parent-reported VAS improvement in child develop-
ment.”' In this study, hearing and language gains were
more strongly associated with parent-reported VAS devel-
opment and, for parents, utility may be more closely asso-
ciated with enhanced communication capacity. However,
we included this study in the meta-analysis given its high
quality and felt it was important to emphasize any potential
reduction in significant utility change. Please see Appen-
dix 9 for a sensitivity analysis with this study removed
(VAS-measured QoL utility change of 0.22; 95% CI: 0.04
to 0.40).

Five studies used the HUI3 to compare
unilateral cochlear implantation to pre-implantation in
children with profound hearing loss, with three pre/post
studies’” 7** 77 finding significant utility increments vs.
the untreated state. Two studies found increasing utility
increments with earlier age of implantation.®” 77 One
study used VAS, HUI3, and TTO to assess pre/post-
cochlear implantation in the same population and found
significant increments vs. the pre-implantation state.’”®
Three studies assessed pediatric cochlear implantation
utility with a cross-sectional design without comparison
(Appendix 8).%¢ % 73

36, 69, 70, 73, 77

Adult Bimodal Stimulation

Two studies in North America compared bimodal stimulation
(cochlear implant + contralateral hearing aid) to hearing aids
alone in patients with severe-to-profound bilateral hearing loss
using the HUI3 (Table 4).”% 7 Two other studies assessed
bimodal stimulation using a cross-sectional design without
comparison (Appendix 8).%* 3

Adult Bilateral Cochlear Implantation

Six studies evaluated bilateral cochlear implantation in adults,
including three cross-sectional studies” °'~** and three RCTs
(Table 4).%> 8% 8! While all three RCTs found no impact of
bilateral compared to unilateral cochlear implantation in adults
on QoL utility, two RCTs found improvements in hearing-
related outcomes.” #%- 8!

Pediatric Bilateral Cochlear Implantation

Two studies, one cross-sectional’* and one pre-post’®, com-
paring sequential bilateral cochlear implantation to unilateral
cochlear implantation in children with profound hearing loss
found no significant utility difference for the second implant
(Table 4).”* 7¢

DISCUSSION

This systematic review found evidence of benefits of hearing
healthcare interventions on patient QoL utility. Our meta-
analysis revealed that acoustic hearing aids increased mean
utility by 0.11 in adults with mild-to-moderate hearing loss,
implantable hearing aids in adults increased mean utility by
0.07, and cochlear implants in adults increased mean utility by
0.16 to 0.17. In the meta-analysis of pediatric cochlear im-
plantation, the 95% CI for the change in VAS measures
included no effect, likely due to a single study showing no
effect at 4 years post-implantation.”' We additionally identi-
fied studies describing bilateral cochlear implantation, which
showed little to no incremental benefit compared to unilateral
cochlear implantation, and bimodal stimulation (hearing aid +
cochlear implant), which did show benefit compared to hear-
ing aids alone. The quality scores of included studies were
most frequently deducted for lack of reporting on missingness
of data and/or small sample sizes.

Nearly all included studies were observational, and many
had a pre/post intervention design. This study design may bias
findings due to selection bias. We identified four RCTs, a
design that minimizes potential for bias. One reported signif-
icant effects of hearing aids compared to no treatment.>* The
other three found no significant differences in QoL for bilat-
eral compared to unilateral cochlear implantation.”™ 50 #!
While RCTs provide the highest quality evidence on the
treatment effects of hearing healthcare, there may not be
equipoise to conduct an RCT comparing hearing interventions
(hearing aid or cochlear implant) to no treatment because



JGIM Borre et al.: Systematic Review: Hearing Loss Utility Values 477

studies have consistently shown hearing-specific and quality
of life benefits of hearing aids and cochlear implants.® %>~

Consistent with prior literature, our results also showed a
difference in QoL utility for hearing healthcare interventions
based on the measure used to elicit utility.*> In general, the
HUI3, HUI2, VAS, and TTO showed significant improvements
after treatment. However, commonly used metrics (EQ-5D and
SF-6D) showed little to no benefit. This suggests that the EQ-
5D and SF-6D do not adequately detect benefits related to
hearing and communication, especially considering several
studies used multiple measures in the same patients and found
disparate results between measures.?> 2% 43 3% 33 80- 81 pypyre
cost-effectiveness and other economic studies of hearing health-
care might incorporate HUI, VAS, or TTO utility estimates,
while recognizing all utilities are patient-specific and have a
range of uncertainty to be explored.

Our results help clarify the impact of hearing healthcare for
policy development. The mean change scores for current
interventions in hearing healthcare may be used as inputs for
effectiveness in economic analyses. Previous economic anal-
yses have used varying utility benefits of hearing healthcare,
and some assume that hearing treatment improves DALY
health state by one hearing severity level.?” ** ** In analyses
making this assumption, such as those by the Global Burden
of Disease and World Health Organization, hearing aids
would impart a DALY benefit of 0.01-0.065 for persons
with mild-to-moderate hearing loss, which is lower than our
findings of a utility benefit of 0.11." 27 2® This increase in
the HUI3-estimated utility is well above published esti-
mates of the minimum clinically important difference
(0.03).%¢ Incorporation of a larger utility benefit would
improve the cost-effectiveness of hearing interventions
and support more investment for hearing interventions.

While our results show that treatment of hearing loss
has clear benefits on QoL utility, access remains low." 87~
89 Further, earlier intervention in both children and adults
is associated with improved hearing outcomes, which also
emphasizes the importance of timely hearing care.®> 77+ %
Cost remains a significant barrier to treatment of hearing
loss access for individuals with hearing loss, with many
countries having limited insurance or governmental cov-
erage of costly hearing aids, thus restricting access.' In-
novative policies, such as the recent US Food and Drug
Administration Reauthorization act allowing for over-the-
counter hearing aids for mild-to-moderate hearing loss,
might help to reduce costs of devices beneficial to health.

Our review identified several actionable areas for further
research, including the need for high-quality estimates of the
utility of untreated hearing loss. We identified two studies
using DCE methods to estimate the DALY effects of untreated
hearing loss for use in the Global Burden of Disease studies.””
28 However, the DALY effects measured in these studies may
not be compatible with treatment effects estimated by other
measures, such as the HUI3. Additionally, the impact of
bilateral cochlear implantation compared to unilateral

implantation on QoL utility remains unclear even though there
are well-established benefits in hearing-related outcomes.”'* *
We were also unable to identify any studies reporting the
effects of pediatric acoustic hearing aids on QoL utility. Fur-
ther, there were few analyses conducted in low- and middle-
income countries, so future research should investigate the
QoL utility effects of treatment of hearing loss in these
settings.

This study has several limitations. First, included studies
were heterogeneous in their study designs, populations, inter-
ventions, QoL measures, and outcomes. However, we com-
bined sufficiently similar studies using meta-analysis and
qualitatively described studies not suitable for meta-analysis.
Further, we discussed potential study characteristics associat-
ed with differing outcomes. Second, there are several health
status measures that may be translated into utility values
through mapping equations, such as the 36-item Short-Form
Survey; but, we did not include such studies as the mapping
equations often require unpublished patient-level data.

This systematic review found evidence that treatments of
hearing loss have a beneficial impact on patient-reported QoL
utility. In meta-analysis, hearing aids, unilateral cochlear
implants, and implantable hearing aids all improved QoL
utility. Future research could be carried out to clarify the
QoL utility of untreated hearing loss, pediatric hearing aids
and cochlear implants, bilateral cochlear implants, and impacts
in low- and middle-income countries. Given the improvement
in patient-reported QoL following treatment, increasing pro-
vision of and access to hearing healthcare is warranted.
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