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Abstract
Purpose: To determine the contributions to hearing aid ben-
efit of patient-reported outcomes and audiologic measures. 
Methods: Independent review was conducted on audiolog-
ic and patient-reported outcomes of hearing aid benefit col-
lected in the course of a middle ear implant FDA clinical trial. 
Unaided and aided data were extracted from the preopera-
tive profiles of 95 experienced hearing aid users, and the re-
lationships between a patient-reported outcome and audio-
logic measures were assessed. The following data were ex-
tracted: unaided and aided pure-tone or warble-tone 
thresholds (PTA), word recognition in quiet (NU-6), Speech 
Perception in Noise (low-/high-context SPIN), and patient-
reported benefit (Abbreviated Profile of Hearing Aid Benefit, 
APHAB). Hearing aid benefit was defined as the difference in 
thresholds or scores between unaided and aided conditions, 
as measured in the sound field. Correlations were computed 

among audiologic measures and global APHAB and subscale 
scores of hearing aid benefit. Results: Significant improve-
ments in all audiologic measures and APHAB scores were ob-
served comparing unaided to aided listening (all p < 0.001). 
However, correlations between audiologic and patient-re-
ported measures of aided performance or hearing aid ben-
efit were low-to-weak or absent. No significant correlations 
were found between aided audiologic measures (PTA, NU-6, 
SPIN) and any aided APHAB scores (all p > 0.0125), and sig-
nificant relationships for hearing aid benefit were absent 
with only few exceptions. Hearing aid benefit defined by 
global APHAB using NU-6 and SPIN scores showed signifi-
cant but weak positive correlations (r = 0.37, p < 0.001; r = 
0.28, p = 0.005, respectively) and ease of communication 
APHAB subscale scores (r = 0.32, p < 0.001; r = 0.33, p = 0.001, 
respectively). Conclusion: Hearing aid benefit assessed with 
audiologic measures were poor predictors of patient-report-
ed benefit. Thus, patient-reported outcomes may provide a 
unique assessment of patient-perceived benefit from hear-
ing aids, which can be used to direct hearing aid program-
ming, training, or recommendations of alternative hearing 
services. © 2020 S. Karger AG, Basel
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Introduction

Approximately 38 million individuals in the United 
States over the age of 12 years have some form of hearing 
loss [Goman and Lin, 2016; Huddle et al., 2017]. The ma-
jority of individuals have mild to moderate hearing loss, 
which is typically treated by amplification with hearing 
aids, which can result in significant improvement in qual-
ity of life [Humes and Krull, 2012; Goman and Lin, 2016]. 
New hearing aid technologies and complex fitting algo-
rithms have become available over the past several years, 
but with limited evidence to guide the selection and fit-
ting of specific hearing aid features. Hearing aid fitting is 
typically determined by pure-tone thresholds, with the 
fitting verified by other audiologic measures, such as 
speech recognition scores and real-ear probe-micro-
phone measures [Carhart, 1946; Dillon et al., 1997]. Some 
audiologists may also use patient-reported outcome mea-
sures (PROMs) of hearing aid benefit and quality of life 
to supplement audiologic measures, such as the Abbrevi-
ated Profile of Hearing Aid Benefit (APHAB), Clinically 
Oriented Scale of Improvement (COSI), Speech Spatial 
and Qualities of Hearing Scale (SSQ), and International 
Outcomes Inventory-Hearing Aids (IOI-HA) [Cox and 
Alexander, 1992; Dillon et al., 1997; Cox et al., 2000; Gate-
house, 2001; Killion and Gudmundsen, 2005; Mendel, 
2007]. However, the relationship between audiologic 
measures used for hearing aid fitting and PROMs that as-
sess hearing aid benefit remains uncertain, which limits 
the ability of providers to assess the appropriateness of 
the fit and predict hearing aid use and satisfaction.

Research in this area is lacking and, at times, inconsis-
tent [Cox et al., 2000; Humes and Krull, 2012]. A review 
of the literature indicates that audiologic measures tend to 
poorly correlate with PROMs evaluating hearing aid ben-
efit [Kapteyn, 1977; Parving, 1991; Cox et al., 2000; Humes, 
2003; Killion and Gudmundsen, 2005; Chang et al., 2016]. 
However, many of these studies have small sample sizes 
– often fewer than 30 subjects [Cox and Alexander, 1992; 
Cox et al., 2000; Mendel, 2007] and report results from 
non-validated, study-specific instruments that are not 
commonly used in clinical or research settings [Kapteyn, 
1977; Parving, 1991; Killion and Gudmundsen, 2005]. 
Those reporting results from validated PROMs with rea-
sonable sample sizes examined only the relationship of 
PROMs with unaided audiologic measures and not hear-
ing aid benefit, which the current study aims to address 
[Humes, 2003; Humes et al., 2003; Chang et al., 2016].

The APHAB is one of the most commonly used PROMs 
to evaluate hearing aid benefit and is often cited for its ease 

of delivery and interpretation [Cox and Alexander, 1995; 
Löhler et al., 2017]. Despite widespread use, little is known 
regarding its relationship to hearing aid benefit as indi-
cated by audiologic measures [Cox et al., 2000; Cox et al., 
2003; Killion and Gudmundsen, 2005; Löhler et al., 2017]. 
Cox et al. [2003] demonstrated a moderate correlation of 
unaided APHAB scores with pure-tone average (PTA) 
and unaided speech recognition (Northwestern Univer-
sity Auditory Test Number 6; NU-6) testing in quiet and 
in noise; however, the audiologic outcomes were mea-
sured with headphones and subjects were not tested under 
aided conditions. As such, the relationship of aided audio-
logic measures with aided APHAB scores is unknown, as 
is the relationship between hearing aid benefit assessed 
with audiologic measures and PROMs.

The purpose of this study is to assess the relationship 
between patient self-report of aided performance and 
hearing aid benefit, as measured by the APHAB, and au-
diologic measures, including pure-tone and warble-tone 
thresholds, speech recognition scores using the NU-6, 
and the Speech Perception in Noise test (SPIN) [Tillman 
and Carhart, 1966]. This information may demonstrate 
the relative value of each type of measure as a component 
in a hearing aid evaluation battery and aid in interpreting 
results to maximize hearing aid benefit.

Materials and Methods

Data
Data for this study were collected by Ototronix (Houston, TX, 

USA) as part of a multicenter phase III Food and Drug Adminis-
tration (FDA) clinical trial for the Soundtec Direct Drive Hearing 
System (now Maxum Hearing Implant). A Material Transfer 
Agreement was signed between our institution and Ototronix be-
fore de-identified data were shared with the authors. Raw data for 
individual subjects were provided without prior statistical manip-
ulation. Ototronix personnel did not participate in the planning, 
execution, or composition of this project and did not review the 
manuscript.

Subjects
The study sample included 95 subjects (34.7% female; median 

age: 67 years; age range: 21–80 years) with mild to moderate hearing 
loss who were experienced users of traditional hearing aids electing 
to pursue evaluation for middle ear implantation due to dissatisfac-
tion with their hearing aids. These subjects were previously described 
in McRackan et al. [2016 and 2018a]. Data on the effects of middle 
ear implantations were not collected or assessed. Rather, this study 
took advantage of preoperative audiologic and quality of life data 
from a large sample of experienced hearing aid users, measured with-
out and with hearing aids. The clinical trial inclusion and exclusion 
criteria were as follows. Subjects were required to be native English 
speakers with a minimum 2-year history of stable hearing loss. They 
were required to have bilateral symmetrical sensorineural hearing 
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loss with < 15 dB difference in PTA (average of 1,000, 2,000, and 4,000 
Hz) between ears, and < 10 dB difference between air and bone con-
duction thresholds. Frequencies for calculating this PTA were part of 
the clinical trial protocol and were not used in analysis for the current 
study. Preoperative, bilateral pure-tone thresholds were required to 
fall within the following ranges: 0–50 dB HL at 250 Hz, 0–60 dB HL 
at 500 Hz, 10–70 dB HL at 1,000 Hz, 35–75 dB HL at 2,000 Hz, 50–75 
dB HL at 3,000 Hz, 50–80 dB HL at 4,000 Hz, 40–100 dB HL at 6,000 
Hz; PTA was required to range from 35 to 70 dB HL. Word recogni-
tion scores measured under earphones in quiet using 50-word lists 
from the NU-6 were required to be > 60% in both ears. As determined 
by the clinical trial protocol, the poorer hearing ear was selected as 
the test ear.

Prior to data collection, subjects were required to have worn 
properly fitted hearing aids, defined according to NAL-R targets 
[Byrne and Dillon, 1986] for a minimum of 6 months. Hearing aids 
that had not been fitted using NAL-R targets were refitted by clin-
ical trial audiologists and subjects were required to use their hear-
ing aids with their new settings for a minimum of 45 days before 
enrollment. Patients utilized their hearing aids for an average of 
7.2 years prior to data collection, ranging from 6 months to 30 
years. Subjects with conductive or retrocochlear pathology were 
excluded from the study.

Audiologic Measures (Thresholds and Speech-Recognition 
Scores)
Pure-tone or warble-tone thresholds, NU-6 word-recognition 

scores, and SPIN scores were the primary audiologic outcome 
measures. Conditions under which each were tested are presented 
in Table 1. Thresholds from 250 to 6,000 Hz were measured under 
three conditions: pure tones with either supra-aural or insert ear-
phones, warble tones unaided in the sound field, and warble tones 
with hearing aids in the sound field. These conditions will be re-
ferred to as earphone, unaided, and aided thresholds, respectively. 
For statistical analysis, PTAs (500, 1,000, and 2,000 Hz) were cal-
culated for each subject and in each condition. Hearing aid benefit 
was defined as the reduction in PTA with hearing aid use. This was 
calculated as unaided PTA in sound field minus aided PTA in 
sound field, so improvements in threshold with hearing aid use 
yield positive values.

Word recognition scores using the NU-6 was also measured un-
der the same three conditions: supra-aural or insert earphones with 
words presented at 40 dB above speech recognition threshold (ear-
phone), unaided in the sound field with words presented at 63 dB 

SPL (unaided), and with hearing aids in the sound field at 63 dB SPL 
(aided). Sentence recognition using the SPIN was measured under 
unaided and aided conditions. The SPIN is composed of 8 lists of 50 
sentences each with multitalker babble presented at a +8 dB signal-
to-noise ratio. Listeners are instructed to repeat the last word of each 
sentence. Half of the sentences are high-context sentences in which 
the final word was predictable from the earlier part of the sentence, 
and half of the sentences were low-context sentences in which the 
final word cannot be determined from the earlier part of the sentence. 
Hearing aid benefit was defined as improvement in scores with hear-
ing aid use. This was calculated as aided scores in the sound field 
subtracted by unaided scores in the sound field. As with PTA, im-
provements in scores with hearing aid use yield positive values.

All sound field testing was performed in sound-attenuated 
booths that met ANSI standards for sound attenuation, with sub-
jects sitting 1 m from the loudspeaker and speech (and babble, if 
present) delivered at 0 degrees azimuth. The non-test ear was oc-
cluded with a foam plug during testing.

Patient-Reported Outcome Measure (APHAB)
The APHAB [Cox and Alexander, 1995] is a self-report question-

naire in which individuals rate their frequency of problems in various 
situations, which are scored in 4 subscales: ease of communication in 
quiet (EC), in background noise (BN), and in situations of reverber-
ation such as gymnasiums or classrooms (RV). Subjects also rate the 
frequency with which they experience negative reactions or aversion 
to environmental sounds (AV) [Humes, 2003]. Global scores are cal-
culated as the average of the EC, BN, and RV subscale scores. Higher 
scores reflect greater frequency of problems. As part of the FDA clin-
ical trial, subjects provided responses to the APHAB that reflected 
their frequency of problems without and with hearing aids (unaided 
and aided). Hearing aid benefit as indicated by APHAB was calcu-
lated as unaided scores minus aided scores, so improvement with 
hearing aids yields positive values [Cox and Alexander, 1995].

Statistical Analyses
All analyses were performed with SPSS 25.0 (IBM Corp., Ar-

monk, NY, USA). All continuous variables were tested for normal 
distribution as determined by the Kolmogorov-Smirnov test. 
Nominal variables were summarized by frequency, percentage, 
and/or range. Continuous variables were summarized by mean 
(standard deviation) where appropriate. PTAs and NU-6 scores in 
earphone, unaided, and aided conditions were analyzed with a one-
way ANOVA or Kruskal-Wallis test, with Dunn-Bonferroni post 
hoc testing employed as necessary for pairwise assessment of con-
tinuous variables. Unaided and aided SPIN, APHAB global and 
APHAB subscale scores were compared using repeated samples t 
test for repeated measures in the same subject. Pearson’s correla-
tions were used to test for the presence of significant associations 
among APHAB and audiologic measures. During correlational 
analysis, aided APHAB global and subscores and APHAB hearing 
aid benefit were analyzed independently against aided thresholds, 
NU-6 scores, SPIN scores, and each estimate of hearing aid benefit.

A p value < 0.05 was used to determine statistical significance in 
non-correlational analyses. For Pearson correlation testing against 
multiple independent variables, p values underwent Bonferroni cor-
rection by a factor of 4, with significance defined as p < 0.0125. The 
strength of correlations was defined as follows: very weak = 0.00–
0.19; weak = 0.20–0.39; moderate = 0.40–0.59; strong = 0.60–0.79; 
very strong; 0.80–1.00 [Löhler et al., 2017].

Table 1. Conditions under which outcomes were measured

Outcome measure Earphone Unaided Aided

Pure-tone thresholds ×
Warble-tone thresholds × ×
NU-6 × × ×
SPIN × ×
APHAB × ×

NU-6, Northwestern University Auditory Test No. 6; SPIN, 
Speech Perception in Noise test; APHAB, Abbreviated Profile of 
Hearing Aid Benefit.
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Results

Audiologic Measures: Thresholds and Speech 
Recognition Scores
Audiologic measures are summarized in Table 2. As 

expected, subjects’ mean PTAs were higher in the ear-
phone and unaided conditions as compared to the aided 
condition (p < 0.001 for both). Earphone and unaided 
PTAs were not significantly different (p = 0.309). Scores 
on the NU-6 were better in the aided and earphone con-
ditions as compared to the unaided condition (p < 0.001 
for both). NU-6 scores in the earphone and aided condi-
tions were not significantly different (p = 0.427). Simi-
larly, scores were higher for both low- and high-context 
SPIN in the aided condition as compared to the unaided 
condition (p < 0.001 for both). Significant decreases in 
thresholds and significant improvements in scores be-
tween aided and unaided conditions reflect significant 
hearing aid benefit.

Patient-Reported Outcome Measure (APHAB)
APHAB subscale and global scores under unaided and 

aided conditions are reported in Table 2. Significant re-
ductions in reported frequency of problems (hearing aid 

benefit) in ease of communication, background noise, re-
verberation subscales, and global APHAB scores were ob-
served in the aided condition as compared to the unaided 
condition (p < 0.001). In contrast, significant increases in 
reported frequency of negative reactions or aversions to 
environmental sounds were observed in the aided condi-
tion as compared to the unaided condition (p < 0.001). 
Length of hearing aid usage was not significantly associ-
ated with improvement in global APHAB scores (r = 
0.002, p = 0.978) or any APHAB subset score (p > 0.1 for 
all).

The aided values shown in this patient population cor-
respond to previously identified normative APHAB 
scores for modern, wide dynamic range compression 
hearing aids. The 50th percentile APHAB scores for mod-
ern hearing aids are EC = 23, BN = 40, RV = 37, AV = 38, 
and global = 33 [Johnson et al., 2010]. The scores for the 
current study’s patient population fall at the 50th to 65th 
percentile scores globally and in each category.

Correlations among Audiologic and Patient-Reported 
Outcome Measures
Correlations among aided audiologic measures (PTA, 

NU-6, SPIN) and aided APHAB subscale and global 

Table 2. Comparison of audiologic and patient-reported outcome measures

  Earphone Unaided Aided p value

PTA, dB HL 40.9 (8.8) 40.9 (10.6) 25.4 (6.7) <0.001*
  0.309 earphone vs. unaided
  <0.001 earphone vs. aided
   <0.001 unaided vs. aided

NU-6, % 81.5 (10.7) 42.8 (28.9) 77.4 (16.5) <0.001*
  <0.001 earphone vs. unaided
  0.427 earphone vs. aided
  <0.001 unaided vs. aided

SPIN, %
Low context n/a 3.76 (4.2) 9.96 (5.4) <0.001
High context n/a 11.97 (9.1) 21.4 (4.4) <0.001

APHAB
Ease of communication n/a 60.7 (21.7) 26.1 (14.3) <0.001
Background noise n/a 73.8 (15.1) 40.0 (15.5) <0.001
Reverberation n/a 73.1 (14.9) 36.1 (15.6) <0.001
Aversiveness n/a 21.1 (18.4) 47.0 (26.4) <0.001
Global n/a 69.2 (14.4) 34.0 (12.5) <0.001

Values are presented as mean (SD). PTA, pure-tone average; NU-6, Northwestern University Auditory Test 
No. 6; SPIN, Speech Perception in Noise test; APHAB, Abbreviated Profile of Hearing Aid Benefit. * ANOVA of 
earphone, unaided, and aided conditions; subsequent pairwise analysis is done post hoc.
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Table 3. Pearson correlations among aided APHAB (subscale and global scores) and aided audiologic measures 
(PTA, NU-6, SPIN)

Aided measures PTA NU-6 Low-context
SPIN

High-context
SPIN

APHAB: ease of
communication

r (95% CI) –0.07
(–0.26 to 0.13)

0.06
(–0.14 to 0.26)

0.15
(–0.07 to 0.32)

0.05
(–0.15 to 0.24)

sig. (2-tailed) 0.525 0.572 0.154 0.649

APHAB: rever-
beration

r (95% CI) –0.05
(–0.25 to 0.14)

–0.19
(–0.37 to 0.01)

–0.09
(–0.29 to 0.10)

–0.03
(–0.22 to 0.17)

sig. (2-tailed) 0.612 0.071 0.383 0.808

APHAB: back-
ground noise

r (95% CI) –0.07
(0.26 to 0.13)

–0.03
(–0.23 to 0.17)

–0.02
(–0.22 to 0.18)

0.05
(–0.15 to 0.25) 

sig. (2-tailed) 0.478 0.742 0.869 0.610

APHAB: aver-
siveness

r (95% CI) –0.08
(–0.27 to 0.12)

0.13
(–0.06 to 0.33)

0.09
(–0.10 to 0.29)

0.21
(0.02 to 0.39)

sig. (2-tailed) 0.472 0.198 0.399 0.039

APHAB: global r (95% CI) –0.08
(–0.27 to 0.12)

–0.07
(–0.27 to 0.12)

0.01
(–0.18 to 0.22)

0.03
(–0.16 to 0.23)

sig. (2-tailed) 0.455 0.503 0.912 0.777

p value <0.0125 is significant. None of these associations were statistically significant. PTA, pure-tone average; 
NU-6, Northwestern University Auditory Test No. 6; SPIN, Speech Perception in Noise test; APHAB, Abbreviated 
Profile of Hearing Aid Benefit.

Table 4. Pearson correlations among hearing aid benefit (improvement in measure with hearing aid use) as in-
dicated by APHAB (global and subscale) and audiologic measures (PTA, NU-6, SPIN)

Measures of 
hearing aid benefit

PTA NU-6 Low-context
SPIN

High-context
SPIN

APHAB: ease of
communication

r (95% CI) 0.16
(–0.04 to 0.33)

0.32
(0.13 to 0.49)

0.15
(–0.05 to 0.33)

0.33
(0.14 to 0.49)

sig. (2-tailed) 0.133 0.002 0.155 0.001

APHAB: rever-
beration

r (95% CI) 0.26
(0.44 to 0.07)

0.33
(0.13 to 0.49)

0.02
(–0.17 to 0.22)

0.23
(0.03 to 0.41)

sig. (2-tailed) 0.011 0.001 0.814 0.027

APHAB: back-
ground noise

r (95% CI) 0.02
(–0.20 to 0.21)

0.16
(–0.04 to 0.34)

0.13
(–0.07 to 0.31)

0.05
(–0.14 to 0.25)

sig. (2-tailed) 0.864 0.123 0.209 0.607

APHAB: aver-
siveness

r (95% CI) –0.08
(–0.25 to 0.14)

–0.08
(–0.27 to 0.12)

–0.01
(–0.21 to 0.19)

–0.09
(–0.27 to 0.12)

sig. (2-tailed) 0.864 0.123 0.209 0.607

APHAB: global r (95% CI) 0.20
(0.39 to 0.01)

0.37
(0.18 to 0.52)

0.13
(–0.05 to 0.33)

0.28
(0.09 to 0.46)

sig. (2-tailed) 0.051 <0.001 0.205 0.005

p value <0.0125 is significant. Bold text shows significant associations. PTA, pure-tone average; NU-6, 
Northwestern University Auditory Test No. 6; SPIN, Speech Perception in Noise test; APHAB, Abbreviated 
Profile of Hearing Aid Benefit.
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scores showed no significant relationships (Table 3). Cor-
relations among audiologic and patient-reported mea-
sures of hearing aid benefit showed several weak correla-
tions (Table 4). Hearing aid benefit as indicated by NU-6 
and high-context SPIN scores showed weak positive cor-
relations with global APHAB benefit (r = 0.37, p < 0.001 
and r = 0.28, p = 0.005, respectively) and ease of commu-
nication APHAB benefit (r = 0.32, p = 0.002 and r = 0.33, 
p = 0.001, respectively). Hearing aid benefit as indicated 
by APHAB RV subscores showed a weak positive correla-
tion with benefit as indicated by PTA and with benefit as 
indicated by NU-6 scores (r = 0.26, p = 0.011 and r = 0.33, 
p = 0.001, respectively). Figure 1 shows global APHAB 
benefit plotted against benefit as determined by NU-6 
and is the strongest association observed between pa-
tient-reported and audiologic measures of hearing aid 
benefit (r = 0.37). Benefit as indicated by the APHAB BN 
and AV subscale scores were not significantly associated 
with any audiologic measures of hearing aid benefit.

Discussion

In this study, we showed that audiologic measures 
and PROMs of aided performance were not significant-
ly correlated, but some weak correlations were observed 

among audiologic and self-report measures of hearing 
aid benefit. Specifically, hearing aid benefit as indicated 
by NU-6 and high-context SPIN scores correlated weak-
ly and positively with benefit as indicated by global and 
ease of communication APHAB scores, whereas PTA 
and NU-6 benefit correlated weakly and positively with 
benefit assessed by the APHAB reverberation subscale. 
No single audiologic measure of hearing aid benefit pre-
dicted patient self-report of hearing aid benefit as mea-
sured with the APHAB. Therefore, given that the 
APHAB appears to provide unique information about 
hearing aid benefit that is not provided by audiologic 
outcomes, administering PROMs such as the APHAB 
should be considered when evaluating benefit for hear-
ing aid users.

Evidence of the strength of relationship between au-
diologic measures and PROMs under aided conditions 
is limited. Many studies have small sample sizes [Cox 
and Alexander, 1992; Cox et al., 2000; Mendel, 2007] 
and/or used experimental and non-standardized audio-
logic measures and non-validated PROMs [Kapteyn, 
1977; Parving, 1991; Killion and Gudmundsen, 2005]. 
Those studies with large sample sizes and validated 
PROMs include primarily unaided measures [Humes, 
2003; Humes et al., 2003; Chang et al., 2016]. However, 
these studies show similar outcomes to the current study 
with absent to low correlations between PROMs and un-
aided audiologic measures [Kapteyn, 1977; Parving, 
1991; Killion and Gudmundsen, 2005; Humes and Krull, 
2012]. In a multiple regression analysis, Chang et al. 
[2016] reported a significant but small negative associa-
tion of unaided word recognition score and PROMs at 
1 month but a weak positive correlation at 3 months  
(β = –0.68 and 1.01, respectively). Humes [2003] and 
Humes et al. [2003] showed no correlation in a similar 
sample as well as in a large meta-analysis. In addition, 
absent to low correlations between patient self-report 
and speech recognition have been reported in cochlear 
implant users [Brendel et al., 2014; McRackan et al., 
2016; Ramakers et al., 2017; McRackan et al., 2018a; 
McRackan et al., 2018b; Moberly et al., 2018]. Together, 
these data support the added value of PROMs as an in-
dependent measure of patient-perceived benefit from 
hearing interventions.

The most likely explanation for the low to absent cor-
relations seen in the current study is that hearing aid us-
ers’ real-world listening environments are more varied 
than can be predicted by simple audiologic measures. By 
extension, the benefit users achieve from their hearing 
aids in these environments is difficult to predict from 
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benefit estimated from audiologic measures, including 
speech recognition in noise (in this case, SPIN). For ex-
ample, no significant correlations were seen between aid-
ed performance or benefit as indicated by audiologic 
measures and by the APHAB background noise subscale, 
which asks about communication ability in specific lis-
tening situations (i.e., in the grocery store, in a crowd). 
Likewise, the aversiveness subscale asks about patients’ 
perceptions of particular environments (i.e., construc-
tion work, traffic) being too loud. Although there is value 
in optimizing hearing aid benefit as indicated by audio-
logic measures, low to absent correlations suggest that 
this benefit may not necessarily translate to self-per-
ceived hearing aid benefit. Patient-perceived benefit is 
important as it is one of the most accurate predictors of 
hearing aid acquisition and consistent use [Fischer et al., 
2011; McCormack and Fortnum, 2013] with an odds ra-
tio of hearing aid acquisition 2–3 times greater than au-
diologic evidence of hearing loss or communication dif-
ficulties [Fischer et al., 2011]. Of patients who are candi-
dates for hearing aids, only 1 in 5 acquire them [Fischer 
et al., 2011; Chien and Lin, 2012; McCormack and Fort-
num, 2013]. Moreover, patients wait an average of 8.9 
years to acquire hearing aids after becoming hearing aid 
candidates [Simpson et al., 2019] and, of those patients 
who acquire hearing aids, up to 24% do not routinely 
wear them [Chien and Lin, 2012; McCormack and Fort-
num, 2013]. Similar to data on acquisition, a systematic 
review of the literature found that the most commonly 
cited reasons for inconsistent hearing aid use were re-
lated to perceived benefit and general quality of life is-
sues, such as hearing aid ease of use, in contrast to au-
diologic evidence of benefit [McCormack and Fortnum, 
2013].

Hearing aid success is often defined as consistent and 
proper use of hearing aids [Fischer et al., 2011; Chien and 
Lin, 2012; McCormack and Fortnum, 2013; Gallagher 
and Woodside, 2018]. Given the link between patient-
perceived benefit and hearing aid acquisition and use, 
PROMs may help guide patients toward successful hear-
ing rehabilitation. PROMs may also help providers direct 
changes in hearing aid use to maximize perceived benefit 
and examine non-audiologic factors that are commonly 
cited as leading to increased success with hearing aids. 
These include increased family support, access to coun-
selling, hearing aid comfort, ease of hearing aid use, and 
a favorable cost-benefit ratio of the hearing aid device 
[McCormack and Fortnum, 2013; Gallagher and Wood-
side, 2018]. These factors are more difficult to predict us-
ing audiologic measures of hearing aid benefit alone. 

PROMs may also be used to advise patients about alter-
nate means of rehabilitation such as a middle ear or co-
chlear implants.

The large, multicenter sample size is a major strength 
of the current study. The rigorous nature of the prospec-
tive FDA trial that provided these data is additional 
strength. Specifically, all hearing aids were optimally fit 
(met NAL-R targets for at least 4 weeks prior to enroll-
ment) and subjects included in this study were experi-
enced hearing aid users (minimum of 6 months of hear-
ing aid use). In addition, audiologic data included ear-
phone, unaided, and aided conditions, speech recognition 
in quiet and babble, along with a validated PROM 
(APHAB), which supported the comprehensive analyses 
performed in the current study.

One limitation of the current study is that participants 
in the FDA clinical trial were recruited for evaluation for 
middle ear implantation on the presumption of dissatis-
faction with their current hearing aids. A potential limita-
tion is that such patients may rate their patient-reported 
hearing aid benefit relatively low given their dissatisfac-
tion, or may have poor audiologic outcomes with their 
hearing aids as a cause of such dissatisfaction. Neverthe-
less, hearing aid benefit as indicated by audiologic mea-
sures was robust and consistent with estimates reported 
in the literature [Humes and Krull, 2012; Goman and Lin, 
2016]. Similarly, the aided APHAB scores and APHAB 
benefit scores fall well within the population norm as de-
fined by Johnson et al. [2010] for modern hearing aids, as 
reported in the Results section.

A second limitation of this study is the absence of cer-
tain subject demographics, which may contribute to hear-
ing aid use and benefit. Studies have linked consistent use 
of hearing aids with perceived cost-benefit ratio, social 
pressure/encouragement, comfort, and ease of hearing 
aid use rather than specific audiologic outcomes [McCor-
mack and Fortnum, 2013; Gallagher and Woodside, 
2018]. As such, subject demographics, such as income, 
education, comfort with technology, and perceived social 
support, may play a role in determining self-perceived 
hearing aid benefit or may modify the relationship be-
tween audiologic measures and these outcomes. Future 
studies should consider the contribution of these factors 
to audiologic outcomes and PROMs related to hearing 
aid benefit. These analyses could help identify patterns of 
audiologic and demographic factors that correlate with 
the patient-perceived benefit and help further individual-
ize hearing aid selection and fitting and selection of other 
hearing services and technologies.
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Conclusions

Hearing aid benefit assessed with audiologic outcomes 
shows absent to low correlation with patient self-report 
assessments of hearing aid benefit. As such, PROMs pro-
vide a unique view of patients’ perceived benefit from the 
use of hearing aids, independent of audiologic measures. 
This is notable because perceived benefit rather than au-
diologic benefit is a strong independent predictor of hear-
ing aid acquisition and consistent use. Thus, results of the 
current study support the use of PROMs as supplements 
to audiologic measures of hearing aid outcomes to help 
direct recommendations for continued hearing aid use or 
alternative hearing services or technologies.
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