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BACKGROUND: During hearing aid (HA) fitting, individuals may experience better speech discrimination at normal speech levels and worse
discrimination at loud speech levels than without an HA. Therefore, we investigated factors that worsen speech discrimination when the speech
sound level increases.

METHODS: Speech discrimination was measured in patients aged >20 years who had average hearing thresholds <90 dB on pure-tone audiom-
etry. An insufficient benefit was defined as speech discrimination being better at 65 dB sound pressure level (SPL) with HAs than without HAs
and worse at 80 dB SPL.

RESULTS: Of the 251 participants (296 ears), 229 and 25 had sufficient benefit and insufficient benefit, respectively. Functional gains (FGs) of
sufficient benefit were approximately 1/3 gain (1/3 G) at 500 and 4000 Hz and slightly larger at 1000 and 2000 Hz. Functional gains of insufficient
benefit were approximately 1/2 G at 1000 and 2000 Hz, smaller at 500 and 4000 Hz, and approximately 1/3 G at 250 Hz. Moreover, the differ-
ence between 1/2 G and FG was significantly larger in the sufficient benefit group at 250 500, and 4000 Hz than in the insufficient benefit group.
Additionally, the average compression ratio at 50-80 dB SPL in the insufficient benefit group was approximately 1.1 to 1.2, slightly lower than the
standard values.

CONCLUSION: Adjusting the compression ratio and lowering the FG to approximately 1.5 and 1/3 G, respectively, may help improve speech
discrimination if it worsens with increasing sound levels during HA fitting.
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INTRODUCTION

Hearing aid (HA) fitting involves selecting and configuring a suitable HA for patients with hearing loss (HL). In Japan, the guidelines
for evaluating HA fitting (2010)" are used to assess the effectiveness of HA use. At our HA outpatient clinic, we select an appropriate
HA for patients with HL and perform the initial setup. Moreover, we measure the hearing thresholds in a sound field with the HA,
adjust the gain, and help the patient to start wearing the HA. After 1 or 2 weeks, the wearing status of the patient is checked, and
the HA is adjusted if required. This iterative process continues for approximately 3 months to fine-tune the HA.

However, HA fitting can be challenging in practice owing to variations in the degree of HL, best speech discrimination, and uncom-
fortable speech sound levels among individuals with hearing impairment. Even if the patient is subjectively satisfied with the HA
after fitting, an objective evaluation such as a sound-field test may reveal incompatibility. Speech discrimination with HAs is some-
times better under normal speech sound levels and worse under loud speech levels than without HAs. In this study, we focused on
cases where speech discrimination deteriorated when the speech sound level was raised and investigated the factors that contrib-
uted to this deterioration.
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METHODS

Patients

This retrospective study was approved by the appropriate
Institutional Review Board (approval number: B22-078; date of
approval: 2024/1/4). The need for informed consent was waived by
posting an opt-out due to the retrospective nature of this study in
accordance with Japanese ethical regulations. The participants were
patients aged >20 years who underwent HA fitting and purchased
the device at the outpatient clinic of the same hospital between
January 2017 and December 2021. The HA fitting procedure was per-
formed as follows.? The initial fitting was performed by having the
patient wear a HA set up using a prescription formula (DSL ver. 5).
After the patient wore the first fitted HA, we changed the amplify-
ing characteristics according to feedback provided by the patients.
At this point, hearing thresholds in the sound field were assessed to
confirm the aided and functional gains (FGs). After the initial testing
of the HA fitting, the gain, frequency response, and compression ratio
were gradually adjusted. Before making the final decision to pur-
chase a HA, the results of speech performance-intensity functions,
aided thresholds, and FGs were confirmed. Although the evaluation
of the tests was performed based on the guidelines for evaluating
HA fitting,” we also noted the subjective evaluation by the patients.
In addition, if the hearing thresholds in the sound field yielded insuf-
ficient results, we adjusted the HAs accordingly; however, we were
unable to frequently correct them in a sufficient manner.

This retrospective observational study was based on the clinical
records of participants. As a supplement, we excluded patients with
an average hearing threshold ((500 Hz+ 1000 Hz x 2+2000 Hz)/4)
>90 decibels (dB) on pure-tone audiometry.

Speech Discrimination Test

The 67-S Japanese monosyllable word list was used for speech dis-
crimination testing. Speech performance-intensity functions were
measured at input levels of 65 and 80 dB of sound pressure level (dB
SPL), with and without HAs. The experiments were conducted in a
sound field according to the speech audiometry method described
by the Japan Audiological Society.3Based on these results, we defined
a sufficient benefit as that when HA fitting was satisfactory, that is,
when the speech performance-intensity functions fulfilled any of the
following criteria:’

1. When the HA was worn, the speech discrimination degree at 65
dB SPL improved by >15% from unaided hearing and did not
deteriorate by >20% at 80 dB SPL from unaided hearing.

2. The degree of speech discrimination at 65 or 80 dB SPL was
>75%. At each level, hearing did not deteriorate by >20% com-
pared to that of the unaided ear when wearing the HA.

Furthermore, in order to focus on the cases where speech discrimi-
nation deteriorated when the speech sound level was raised, we
defined an insufficient benefit as meeting the following criteria:

a.  The ear did not fulfilll criterion 1) or 2).

b. Speech discrimination at 65 dB SPL was better with HAs than
without HAs.

¢.  Speech discrimination at 80 dB SPL was worse with HAs than
without HAs.
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Comparison of Sufficient Benefit and Insufficient Benefit

Age, HA use, sex, pure-tone average, best speech intelligibility, type
of HL, presence of acoustic reflex (AR), and recruitment were com-
pared between sufficient benefit and insufficient benefit. Acoustic
reflex testing was measured to assess the recruitment phenomenon.
Acoustic reflex was considered positive if the reflex appeared with
pure tone stimulation at 1 kHz up to 100 dB in the ipsilateral ear. In
cases in which AR appeared, the recruitment phenomenon was mea-
sured by the difference between the hearing threshold at which AR
appeared and the hearing threshold.

In addition, hearing thresholds in the sound field and speech dis-
crimination without HAs, and hearing thresholds with HAs were com-
pared between sufficient benefit and insufficient benefit. Moreover,
the FG was obtained from the sound field thresholds, and half gain
(1/2 G) and 1/3 gain (1/3 G) were calculated from the hearing thresh-
olds of pure-tone audiogram at 250, 500, 1000, 2000, and 4000 Hz.
Furthermore, a compression ratio of 50-80 dB SPL and the maximum
output sound pressure setting for each frequency channel were
examined from the recorded data of the HA fitting software.

Statistical Analysis

Analysis of variance was used to examine the survey items for suf-
ficient benefit and insufficient benefit, and Bonferroni multiple com-
parison tests were used for post-hoc analyses. GraphPad Prism 8
(GraphPad Software Inc., La Jolla, CA, USA) was used for all statistical
analyses. All data were presented as means and standard errors, and
statistical significance was set at P < .05.

RESULTS
This study included 251 participants (96 men and 155 women; 296
ears) with a mean age of 67.3 (+17.3) years.

Speech Discrimination Test

Of the 296 ears, 229 ears that fulfilled criteria 1) or 2) were considered
to have the sufficient benefit. There were 67 ears that did not fulfill
either criterion 1) or 2). Of these 67 ears, 25 fulfilled target criteria
b) and c), and these 25 ears were considered to have the insufficient
benefit. All speech intelligibility results with and without HAs at 65
and 80 dBSPL in the insufficient benefit were shown (Figure 1).

Comparison of Sufficient Benefit and Insufficient Benefit

No significant differences were observed between sufficient benefit
and insufficient benefit in terms of age, HA use, sex, pure-tone aver-
age, best speech intelligibility, type of HL, presence of acoustic reflex,
or recruitment (Table 1).

First, hearing thresholds in the sound field and speech discrimina-
tion without HAs were compared between the sufficient benefit and
insufficient benefit groups. The results showed insignificant differ-
ences in hearing thresholds and speech discrimination between the
two groups (P> .05) (Figure 2). Hearing thresholds with HAs were sig-
nificantly lower in the sufficient benefit group only at 4000 Hz, but
there were no significant differences between the two groups at 250-
1000 Hz (Supplementary Figure 1).

Moreover, the FGs were measured in the sufficient benefit and insuf-
ficient benefit groups and compared with their respective 1/2 G and
1/3 G. Functional gains of sufficient benefit were approximately 1/3
G at 500 and 4000 Hz and slightly larger at 1000 and 2000 Hz. By
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Figure 1. Change in speech discrimination at 65 and 80 dB SPL in insufficient benefit. The number of ears in the insufficient benefit group was 25. The left panel
shows speech discrimination with and without HAs at 65 dB SPL, and the right panel shows speech discrimination with and without HAs at 80 dB SPL.

Abbreviations: HAs, hearing aids; dB SPL, decibels of sound pressure level.

contrast, FGs of insufficient benefit were approximately 1/2 G at 1000
and 2000 Hz, smaller at 500 and 4000 Hz, and approximately 1/3 G at
250 Hz (Figure 3). Hearing thresholds in pure-tone audiogram were
greater in the sufficient benefit compared to the insufficient benefit
(Supplementary Figure 2), therefore 1/2 G and 1/3 G are higher in the
sufficient benefit. However, mean hearing thresholds were not signifi-
cantly different between the two groups (P> .05, Table 1). In addition,
there were not significant differences in FG between the two groups (P
> .05, Supplementary Figure 3). Furthermore, the difference between
the 1/2 G and FG was calculated and compared between the ear cat-
egories. The difference was significantly larger in the sufficient benefit
group than in the insufficient benefit group at 4000 Hz (Figure 4).

Finally, a compression ratio of 50-80 dB SPL and maximum output
sound pressure settings for each frequency were examined for suf-
ficient benefit and insufficient benefit. The results showed that the
compression ratios at 2000 and 4000 Hz were significantly smaller
in the insufficient benefit group than in the sufficient benefit group
(P < .05) (Figure 5). No significant differences were observed in the
respective maximum output sound pressures (P < .05).

DISCUSSION

Hearing aid fitting involves selecting a suitable HA for a person with HL
and adjusting it accordingly. For linear HAs, the half-gain,* prescription

Table 1. Comparison of Sufficient Benefit and Insufficient Benefit

Sufficient Insufficient
Benefit Benefit P
(n=229) (n=25)
Age (years) 65.8+1.15 70.2+348 .23
HA wearing ear (Right/Left) 108/121 13/12 67°
Pure-tone average 55.1+£098 52.65+3.04 43°
Sex (male/female) 87/142 11/14 .66°
Best speech intelligibility (%) 70.4 +1.51 65.2+4.59 277
Type of HL (Sensorineural/Conductive/ 169/1/59 22/0/3 23
Mixed)
AR (+/-) 63/49 10/6 .78°
Recruitment (dB) 4411+125 425+3.12 .63°

T-test: P> .05.

bFisher's exact test: P > .05.

Pure-tone average was measured from an average hearing threshold ((500 Hz+ 1000
Hz x 2+ 2000 Hz)/4) >90 decibels (dB) on pure-tone audiometry.

Recruitment was measured as the difference between the hearing threshold at which the
AR appeared and the hearing threshold at 1 kHz in the ear in which the AR appeared.
AR, acoustic reflex; HA, hearing aid; HL, hearing loss.

of gain/output (POGO),* and National Acoustic Laboratories-Revised
Profound methods have been used as the adjustment guidelines.®
Patients with cochlearimpairment may experience a reduced dynamic
range, causing the perception of an exaggerated loudness owing to
the recruitment phenomenon.” Therefore, non-linear HAs normalize
loudness by adjusting the HA gain, ensuring that a patient with HL
perceives the same loudness as a person with normal hearing.? The
National Acoustic Laboratories-Non-Linear (NAL-NL)° and desired
sensation level methods'™ are included in many HA-fitting software
packages as specific selection methods for non-linear amplification.
Hearing aid adjustments should be made by selecting the appropri-
ate HA and prescription formula, followed by real-ear measurements,
ensuring the adjustments are consistent with the prescription goals."
However, real-ear measurement is unpopular in Japan. Therefore,
after selecting the appropriate HA and prescription formula in our
outpatient clinic, we adjusted the HA by using sound field threshold
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Figure 2. Hearing thresholds and speech discrimination without HAs for
sufficient benefit and insufficient benefit. Hearing threshold and speech
discrimination without HAs in the sound field for sufficient benefit (solid line)
and insufficient benefit (wavy line) are indicated. No significant differences
were observed between sufficient benefit and insufficient benefit groups in
terms of hearing threshold and speech discrimination without HAs (P > .05).
Abbreviations: HAs, hearing aids.
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Figure 3. HA amplification characteristics in sufficient benefit and insufficient
benefit. Circles, squares, and triangles indicate the average value of FG, half of
the gain (1/2 G), and 1/3 gain (1/3 G), respectively, for each frequency. FGs of
sufficient benefit were approximately 1/3 G at 500 and 4000 Hz and slightly
larger at 1000 and 2000 Hz. FGs of insufficient benefit were approximately 1/2
G at 1000 and 2000 Hz and smaller at 500 and 4000 Hz. Abbreviations: HA,
hearing aid; FG, functional gain.

measurement, as described in the 2010 guidelines for the evaluation
of HA fitting." During actual HA-fitting evaluations, speech discrimina-
tion sometimes improves at normal speech levels with HAs and dete-
riorates adversely at loud speech sounds. We investigated the cause
of this phenomenon.

The insufficient benefit group had a larger FG overall than the suf-
ficient benefit group (Figure 3), and the difference between 1/2 G
and FG was significantly larger in the sufficient benefit group than
in the insufficient benefit group at 4000 Hz (Figure 4). Examining
the compression ratio of 50-80 dB SPL and the maximum output
sound pressure setting for each frequency showed no differences
in the maximum output sound pressure setting between sufficient
benefit and insufficient benefit; however, a significant difference
was observed in the compression ratio of 50-80 dB SPL at 2000 and
4000 Hz (Figure 5). HAs with wide dynamic range compression are
adjusted to a compression ratio of 1.5-3'% however, the average com-
pression ratio in the insufficient benefit group was approximately
1.1-1.2, which tended to be slightly lower than the standard.

Based on these results, an FG of approximately 1/2 G was considered
excessive at 80 dB SPL input when the compression ratio was smaller
than the standard value for patients with HL, except for those with
severe HL. In fact, gain requirements for mild-to-moderate losses are
reportedly better targeted with a 1/3 G rule rather than a 1/2 G rule.”
For non-linear HAs, the gain varies with the input level, making them
highly advantageous for real-ear measurements. However, in cases
where real-ear measurements are difficult to perform or facilities
for such measurements are unavailable, adjusting the HAs by using
the FG is crucial. Moreover, because the hearing dynamic range is

Nitta etal. Sufficiency of Benefits in Hearing Aid Fitting
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Figure 4. Difference between FG and 1/2 G for sufficient benefit and
insufficient benefit. Circles (sufficient benefit) and triangles (insufficient
benefit) show the difference between FG and 1/2 G. The difference was
significantly larger in the sufficient benefit group than in the insufficient
benefit group at 4000 Hz. Abbreviations: FG, functional gain; G, gain.

reduced in patients with sensorineural HL, compression is crucial for
HAs, which reportedly improves speech intelligibility.'*'>' Therefore,
adjusting the compression ratio is essential. Nevertheless, multichan-
nel HAs with a compression ratio >3 will reduce speech discrimina-
tion with HAs in patients, even those with HL."”
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Figure 5. Compression ratio at 50-80 dB SPL and maximum output sound
pressure in sufficient benefit and insufficient benefit. Circles (fully compliant
ears) and triangles (inadequate ears) indicate the compression ratio at 50-80
dB SPL and maximum output sound pressure in sufficient benefit and
insufficient benefit. The compression ratios at 2000 and 4000 Hz were
significantly lower in the insufficient benefit group than in the insufficient
benefit group. No differences were observed in the maximum output sound
pressure between the sufficient benefit and insufficient benefit groups.
Abbreviations: dB SPL, decibels of sound pressure level.
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In this study, the compression ratio was adjusted to 1.2-1.7, and the
FG was approximately 1/3 G in the sufficient benefit group, which
showed an improvement in speech discrimination at 65 and 80 dB
SPL with HAs. However, the compression ratio was lower than the
standard value, and the FG was approximately 1/2 G in the insuf-
ficient benefit group, which showed a deterioration in speech dis-
crimination at 80 dB SPL with HA. One possible reason for such an HA
setting in the insufficient benefit group is that the gain was increased
without changing the compression ratio to improve speech intelligi-
bility under HA use. The degree of gain to which HA fitting should be
adjusted according to the degree of HL is unclear, and further pro-
spective research is needed to determine whether adjusting to the
average value of sufficient benefit will improve speech intelligibility.
However, as a solution for patients with deteriorating speech dis-
crimination at 80 dB SPL with HAs, one might try changing the com-
pression ratio to about 1.5 at 50-80 dB SPL and the FG to about 1/3 G.

Despite the insights that were provided in this study, several limita-
tions must be acknowledged. First, this study was a retrospective
analysis of speech discrimination tests at the time of the HA purchase
decision. Second, we continued to adjust the HAs despite the insuf-
ficient results obtained in this test. However, there are many cases
in which sufficient adjustment or evaluation has not been imple-
mented. Therefore, it was not possible to verify in this retrospective
observational study whether insufficient benefits can be improved
by adjusting the compression ratio and FG to 1.5 and 1/3G, respec-
tively. Thus, our future interventional study aims at investigating
whether such an approach in the initial setting would provide suf-
ficient HA adjustment.

In conclusion, in terms of gain, larger FGs were obtained in the insuf-
ficient benefit group than in the sufficient benefit group. The com-
pression ratios at 50-80 dB SPL tended to be lower than the standard
values in the insufficient benefit group. This study revealed that
adjusting the compression ratio and lowering the FG to approxi-
mately 1.5 and 1/3 G, respectively, may help in improving speech
discrimination if it worsens with increasing sound levels during HA
fitting; however, the suitability of this adjustment needs to be veri-
fied in future studies.
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Supplementary Figure 1. Hearing thresholds with HAs were compared for
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Supplementary Figure 3. Functional gains in the sufficient benefit and
insufficient benefit.



