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Summary

Background Hearing loss is a common morbidity that requires a hearing device to improve quality of life and pre-
vent sequelae, such as dementia, depression falls, and cardiovascular disease. However, conventional hearing aids
have some limitations, including poor accessibility and unaffordability. Consequently, personal sound amplification
products (PSAPs) are considered a potential first-line alternative remedy for patients with hearing loss. The main
objective of this study was to compare the efficacy of PSAPs and conventional hearing aids regarding hearing bene-
fits in patients with hearing loss.

Methods This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Five databases and reference lists were searched from inception to January
12, 2022. Studies including randomised, controlled trials; nonrandomised, controlled trials; or observational studies
comparing PSAPs and hearing aids with regard to hearing gain performance (e.g., speech intelligence) were consid-
ered eligible. The review was registered prospectively on PROSPERO (CRD42021267187).

Findings Of 599 records identified in the preliminary search, five studies were included in the review and meta-anal-
ysis. A total of 124 patients were divided into the PSAP group and the conventional hearing aid group. Five studies
including seven groups compared differences for speech intelligence in the signal-noise ratio (SNR) on the hearing
in noise test (HINT) between PSAPs and conventional hearing aids. The pooled results showed nonsignificant dif-
ferences in speech intelligence (SMD, o.14; 95% CI, -0.19 to 0.47; P = .41; ’=65%), sound quality (SMD, -0.37; 95%
CI, -0.87 to 0.13; P = .15; I’=77%) and listening effort (SMD o0.02; 95% CI, -0.24 to 0.29; P = .86; ’=32%). Nonsig-
nificant results were also observed in subsequent analyses after excluding patients with moderately severe hearing
loss. Complete sensitivity analyses with all of the possible combinations suggested nonsignificant results in most of
the comparisons between PSAPs and conventional hearing aids.

Interpretation PSAPs are potentially beneficial as conventional hearing aids are in patients with hearing loss. The
different features among PSAPs should be considered for patients indicated for hearing devices.
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Research in context

Evidence before this study

Cochrane Library, PubMed, Embase, Web of Science, and
Scopus were searched for studies from inception to Janu-
ary 12, 2021. Five observational studies comparing per-
sonal sound amplification products (PSAPs) and hearing
aids in patients suffering from hearing loss were enrolled.
In the meta-analysis, the pooled effect size showed non-
significant results between interventions and comparators
in speech intelligence (SMD, 0.14; 95% Cl, -0.19 to 047;
P = 41; P=65%), sound quality (SMD, -0.37; 95% Cl, -0.87
to 0.13; P = .15; P=77%) and listening effort (SMD 0.02;
95% Cl, -0.24 to 0.29; P = .86; ’=32%).

Added value of this study

We report a comparison of PSAPs and hearing aids. In
the synthesis of current evidence, hearing aids did not
show definite superiority over PSAPs. For patients with
hearing loss, the use of PSAPs may be considered.

Implications of all the available evidence

There is a need for controlled trials that further compare
the effectiveness of PSAPs and hearing aids within pop-
ulations with different degrees of hearing loss and dif-
ferent settings of PSAPs. Additionally, considering the
lack of safety information on PSAPs, further studies
regarding this issue (e.g. the safe upper limit of hearing
gain, the risk of noise-induced hearing injury by the
PSAPs) should be reported.

Introduction

Hearing loss is one of the most common comorbidities
that affects individual and public health." More than 5%
of the global population is impacted by hearing loss,
especially adults older than 65 years old.* * In an
increasingly ageing society, the number of patients with
hearing loss will inevitably increase.’ In addition to the
high prevalence, the disproportionate 50% higher preva-
lence of hearing loss in low-income countries has ren-
dered the condition much more complex.® At the same
time, hearing loss is also associated with multiple
cognitive,”® physical,”'° and even psychosocial ™™ out-
comes and can result in serious comorbidities, including
dementia, falls, stroke and cardiovascular disease.” "
Since hearing loss has been suggested to be a modifiable
risk factor for geriatric problems, such as dementia,™

correcting hearing loss has consistently been a global
issue,” '

Hearing aids serve as firstline management for
patients with hearing loss. However, it is quite difficult
to obtain suitable hearing aids for those in low-socioeco-
nomic groups, especially those in undeveloped or
underdeveloped countries, owing to the unavailability of
hearing consultants and the unaffordability of hearing
aids.”*° According to a report from the World Health
Organization (WHO),”" there is usually a shortage of
well-trained personnel for the provision of hearing aids
in low- and middle-income countries, and only less than
3% of the need for hearing aid is actually provided in
these countries, which is far less than the unsatisfied
global supply.*"** As a result, hearing aids remain out
of reach for patients.”>** In light of this fact, various
types of hearing devices have been proposed as alterna-
tives. Personal sound amplification products (PSAPs)
are alternative hearing devices. As hearing devices sold
to the public, PSAPs have become popular in recent
years due to their availability, affordability, and rapidly
growing functions.’®*> However, controversy regarding
whether PSAPs are suitable as one of the first-line hear-
ing devices for patients with hearing loss has persisted,
partly due to the absence of regulations by regulatory
agencies (e.g., the Food and Drug Administration
(FDA) or Medicine & Healthcare products Regulatory
Agency (MHRA)) and concerns regarding inconsistent
quality of the devices. Evidence has demonstrated that
PSAPs can provide benefits for patients with hearing
loss when compared to patients without these devices.
However, whether PSAPs provide comparable effective-
ness to conventional hearing aids has remained unclear.
Through a systematic review and meta-analysis, we aimed
to provide more comprehensive and detailed evidence for
the efficacy of PSAPs, in comparison with conventional
hearing aids, for patients with hearing loss.

Methods

This systematic review and meta-analysis followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.>® The review was also reg-
istered prospectively on PROSPERO (CRD42021267187).

Information sources and search strategy

Databases including the Cochrane Library, PubMed,
Embase, Web of Science, and Scopus were searched for
studies published from database inception through

www.thelancet.com Vol 46 Month April, 2022


http://creativecommons.org/licenses/by-nc-nd/4.0/

Articles

January 12, 2022. We used a combination of Medical
Subject Headings (MeSH) and text words to create three
subsets: one subset included studies of personal sound
production products (“personal sound amplification
products,” “PSAP”) and one included studies of conven-
tional hearing aids (“hearing aid,” “ear mould”). The
detailed search strategy is shown in Supplemental Digi-
tal Content 1.

Study selection

The titles, abstracts, and keywords of the identified
records were screened by two authors (C.-H. Chen and
C.-Y. Chang). The full texts of records under review for
eligibility criteria were then reviewed independently by
the same two authors (C.-H. Chen and C.-Y. Chang). If
disagreements developed during the screening and
reviewing process, a discussion with the project team
was held, and a final judgement was made by a third
author (C.-Y. Huang).

Eligibility criteria

Included studies were selected based on the following
criteria: the study compared PSAPs with conventional
hearing aids regarding the outcome of interest (i.e.,
speech intelligence, sound quality and listening effort)
in patients with hearing loss, and the study provided
adequate information to quantify the effect estimates
for meta-analysis. PSAPs were defined as hearing devi-
ces that one can buy directly and that are not regulated
as medical devices by the FDA, while hearing loss was
defined as hearing level >25 dBHL by 4-frequency aver-
ages (0.5 kHz, 1 kHz, 2 kHz and 4 kHz). Studies includ-
ing randomised, controlled trials; nonrandomised,
controlled trials; or observational studies were consid-
ered eligible for further review.

Data collection and data items

After review by two authors (C.-H. Chen and C.-Y.
Chang), the effect estimates of interest were extracted.
Primary data were analysed to evaluate the effectiveness
regarding speech intelligence by the signal-noise ratio
(SNR) in the hearing in noise test (HINT) in both the
PSAP group and conventional hearing aid group. Other
outcomes, including sound quality and listening effort,
were also extracted for meta-analysis. SNR was repre-
sented by the noise status when a patient could correctly
identify a sentence in the HINT. A lower SNR indicated
that a patient could understand these sentences in a rel-
atively noisy environment, which was an indication of
better hearing gain in noise by either PSAPs or conven-
tional hearing aids. Sound quality was measured by the
patients based on the subjective experience of sound
perception; a higher score indicated better hearing aid
performance. Listening effort referred to the burden on
the patient to listen clearly to a target sound; a higher
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score stood for better hearing aid performance. The data
were divided into two arms in the present study during
the meta-analysis; in one arm, patients wore PSAPs and
underwent HINT; and in the other arm, the patients
wore conventional hearing aids for the same test. For
data reported as graphical outcomes, we used WebPlot-
Digitizer software®” to digitize the graphs and extract
the data. The reliability of WebPlotDigitizer has been
previously validated.*® In studies in which the continu-
ous outcomes were presented as medians and inter-
quartile ranges, means and standard deviations were
estimated using Wan’s method.*9*°

Risk of bias in individual studies

The Risk of Bias in Non-randomised Studies of Inter-
ventions (ROBINS-I) tool*" was applied to evaluate the
methodological quality of the included studies by two
independent authors (C.-H. Chen and C.-Y. Chang).
The grading of risk was divided into “low,” “moderate”
and “serious” categories according to the reviewed item.
Any disagreement was resolved by a project meeting
and the judgement of a third author (C.-Y. Huang).

Statistical analysis

Randome-effects models were used for effect size calcula-
tion under the assumption that a second source of error
other than sampling error existed. Given that different
versions of the HINT and different sound quality scales
and listening effort scales were used across different
countries, pooled standardised mean differences
(SMDs) were calculated for comparisons between
groups.®® Statistical heterogeneity was evaluated by the
Cochran Q test and the I* statistic. Heterogeneity was
considered low, moderate, and high at I* values of
<50%, 50—74%, and >75%, respectively.’* In addition,
sensitivity analyses were performed: (1) by excluding
those with moderately severe sensorineural hearing loss
enrolled in Cho et al.; (2) using either a basic hearing
aid or premium hearing aid in Cho et al.; and (3) using
one of the PSAPs in Brody et al. for each outcome to
examine whether the outcomes remained robust in
each combination mentioned above. Regarding poten-
tial publication bias, the graphical methods suggested
by DOI and Furuya-Kanamori were performed.** The
threshold of the asymmetrical index, or LFK index,
ranges from -1 to 1. An LFK index greater than 1 is
regarded as positive publication bias, while an LFK
index equal to 1 or less in the situation is not. All of the
calculations for the meta-analysis were performed in R
studio software with the metaphor package** and Stata
software, version 15.35

Ethics committee approval
Ethics committee approval was not applicable in this
study.
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Role of funding source

The funder of the study played no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the report. The corresponding author
had full access to all of the data in the study and had
final responsibility for the decision to submit for publi-
cation.

Results

The present study identified 599 records in the prelimi-
nary search. After removing duplicates and screening
titles and abstracts, 31 studies eventually underwent
full-text review. Twenty-six studies were excluded due to
unfavourable comparators, irrelevant outcomes and
inadequate study designs. As a result, five eligible obser-
vational studies were included (Figure 1)."7*53°73% A
total of 124 patients were divided into the PSAP group
and the conventional hearing aid group. One study
enrolled patients with mild hearing loss, moderate hear-
ing loss and moderately severe hearing loss®’; three
studies enrolled patients with mild hearing loss and
moderate hearing loss7?°3%; and the other study
enrolled patients with moderate hearing loss.”” Four
studies used the Korean version of the hearing in noise
test (K-HINT),*° 3% and the other study used the orig-
inal version of the HINT.” Three studies reported
sound quality comparisons between PSAPs and conven-
tional hearing aids."”*® Two studies reported listening
effort comparisons between PSAPs and conventional
hearing aids.”*> Detailed information is presented in
Table 1.

Risk of bias assessment

Risk of bias was assessed for each of the included stud-
ies. Four studies were categorized as having moderate
bias due to potential cofounding factors.””*33% Bias in
the classification of interventions existed in one study
due to lack of a definition of sound quality.3® Four stud-
ies might have contained moderate bias in the measure-
ment of outcomes due to the difficulty of blinding both
patients and outcome assessors.””*3%3% Four studies
were categorized as having moderate to serious bias in
the selection of the reported results.”>3°3® The
detailed assessment is presented in the Supplemental
Digital Content 2.

Comparison of speech intelligence between PSAPs and
conventional hearing aids

Five studies including seven groups compared the SNR
in the HINT between PSAPs and conventional hearing
aids.>#* Overall, the pooled results showed a nonsig-
nificant difference (SMD, o.14; 95% CI, -0.19 to 0.47;
P = 41; ’P=65%) (Figure 2A). After excluding the
patients with moderately severe hearing loss in Cho

et al., the results remained nonsignificant (SMD, o;
95% CI, -0.23 t0 0.23; P=.98; [’=24%) (Figure 2B).

Sound quality comparison between PSAPs and
conventional hearing aids

Three studies including five groups compared the
sound quality between PSAPs and conventional hearing
aids.””*3° The pooled results showed a nonsignificant
difference (SMD, -0.37; 95% CI, -0.87 to 0.13; P = .15;
P=77%) (Figure 3A). After excluding the patients with
moderately severe hearing loss in Cho et al., the results
remained nonsignificant (SMD, -0.42; 95% CI, -1.08 to
0.23; P=.21; [’=83%) (Figure 3B).

Listening effort comparison between PSAPs and
conventional hearing aids

Two studies including four groups compared listening
effort between PSAPs and conventional hearing
aids.””*> The pooled effect estimates demonstrated a
nonsignificant difference (SMD o0.02; 95% CI, -0.24 to
0.29; P =.86; I’=32%) (Figure 4A). After excluding the
patients with moderately severe hearing loss in Cho
et al., the results remained nonsignificant (SMD o.07;
95% CI, -0.28 t0 0.42; P =.69; [’=49%) (Figure 4B).

Sensitivity analysis and publication bias

We performed sensitivity tests by comparing basic hear-
ing aids and premium hearing aids in Cho et al., with
and without moderately severe hearing loss in Cho et al.
and three different types of PSAPs used in Brody et al.
The comparison of speech intelligence by the FocusEar
PSAP in Brody et al. and basic hearing aids in Cho et al.
was associated with a significant difference towards
PSAPs when the moderately severe hearing loss popula-
tion was included (Supplemental Digital Content 3,
Figure 10A). Additionally, the comparison of listening
effort by the FocusEar PSAP or Tweak Focus PSAP in
Brody et al. and basic hearing aids in Cho et al. after
exclusion of participants with moderately severe hearing
loss were associated with a significant difference
towards hearing aids (Supplemental Digital Content 3,
Figures 12B and 15B). Otherwise, all of the results of the
sensitivity analyses remained nonsignificant (Supple-
mental Digital Content 3, Figures 1—9, 10B, 11, 124, 13
—15A). Evaluation of publication bias by LFK index and
DOI plot indicated a low risk of publication bias (Sup-
plemental Digital Content 4, Figures 1—3).

Discussion

The paramount finding of the present study is that there
were no significant differences between PSAPs and con-
ventional hearing aids regarding speech intelligence,
sound quality and listening effort. Further sensitivity
analyses also suggested nonsignificant results, with the
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. A total of 599
records were identified in the preliminary search. After removing duplicates and screening titles and abstracts, 31 studies eventually
underwent a full-text review. Of those, 26 studies were excluded due to having unfavourable comparators, irrelevant outcomes or
an inadequate study design. As a result, five eligible observational studies were included.

exception of one analysis that suggested favourable
speech intelligence with the PSAPs.

In a previous meta-analysis,** both PSAPs and con-
ventional hearing aids demonstrated favourable effects
on hearing gain in patients with hearing loss when com-
pared to unaided patients. The study also provided evi-
dence of differences between over-the-counter (OTC)
hearing aids and conventional hearing aids. However,
no direct comparison between PSAPs and conventional
hearing aids has been performed, and a comparison

www.thelancet.com Vol 46 Month April, 2022

between PSAPs and conventional hearing aids in com-
parison to unaided conditions was also unlikely because
the study reported different estimates of the effects of
PSAPs and hearing aids.** The first evidence of a com-
parison between PSAPs and conventional hearing aids
was provided by Reed et al.*> Five PSAPs were com-
pared with conventional hearing aids and unaided con-
ditions in the trial. Among those findings, we noted
that the difference between particular PSAPs and hear-
ing aids was not significant. As a consequence, we



2202 ‘|Udy YIUO 9t [OA WOD*32dURIBYI MMM

Study Country Study type Patients Hearing loss* Age Intervention PSAP HA ion of I of of Main result
(years, SD) (PSAP/HA) speech sound quality  listening
intelligence effort
Choetal., Republic of Observational 56 (27M/29 F) Mild: 19 54.67 (8.81) 19/19 Ps2500amp Basic HA: Ria2 Pro  SNR (K-HINT) 5-point scale® Dual-task No difference among PSAP, basic
201977 Korea study Moderate: 20 64.0 (5.98) 20/20 (Oticon) paradigm HA and premium HA in speech
Moderately 47.33 (21.02) 1717 Premium HA: perception, sound quality and
severe: 17 Opn?1 (Oticon) listening effort
Brody et al., United Observational 25(12M/13 F) Mild to 69.6 (8.2) 25/25 Sound World ReSound LiNX2 5 SNR (HINT) 21-point 21-point scale’ Comparison of three types of
2018'7* States study moderate Solutions scale? PSAPs and a hearing aid
S50+ showed
FocusEar RS2 improved speech recognition
Tweak Focus performance and reduced lis-
tening effort significantly
toward the hearing aid.
Seol et al., Republic of Observational 18 (11M/7 F) Mild to 63.33 (6.03) 18/18 Etymotic Bean ReSound LiNX SNR (K-HINT) NR NR Comparison found no statistical
2021% Korea study moderate Quattro difference between PSAP and
HA in speech intelligence.
Kim et al,, Republic of Observational 6 (1M/5 F) Moderate 59.83 (5.93) 6/6 Olive Smart Ear ~ ReSound LiNX 3D SNR (K-HINT) NR NR Comparison found no statistical
20217 Korea study LT962-DRW difference between PSAP and
HA in speech intelligence.
Choi et al., Republic of Observational 19 (4M/15 F) Mild to 63.53 (10.44) 19/19 Ps2500amp Audéo TM Q SNR (K-HINT) 5-level cate- NR Comparison found no statistical
2020%° Korea study moderate (Phonak AG) gorical difference between PSAP and
scales® HA in speech intelligence.

Table 1: Study characteristics.
* Mild hearing loss: 26—40 dB hearing level (dB HL); moderate hearing loss: 41—55 dB HL; moderately severe hearing loss: 56—70 dB HL.

# The study used two types of hearing aids (basic hearing aids and premium hearing aids) as comparators, which were further examined in the sensitivity tests.
b

c

The study categorized “very good” to “very bad” on a 5-point scale.

The 21-point scale rated sound quality from o to 100 using the following question: “How would you judge the overall sound quality?”.

The study categorized “excellent” to “bad” on a 5-level categorical scale.

f The 21-point scale rated listening effort from o to 100 using the question: “How hard were you working to achieve your level of speech understanding?”.

The study performed a comparison between PSAPs and hearing aids using three types of PSAPs — Sound World Solutions CS50+, FocusEar RS2, and Tweak Focus — which were further examined in sensitivity tests.
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Regulation Requirement of Cost Targeted
professional group
hearing
consultation

Traditional FDA Yes High Hearing loss
hearing
aid
OTC hearing  FDA No Medium  Hearing loss
aid
PSAP FTA No Less Normal
hearing

Table 2: Comparison among conventional hearing aids, OTC
hearing aids and PSAPs.

A

Source SMD 95% CI
Brody et al., 2018 (SW)
Cho et al., 2019 (MDHL, PHA) 0.28
Cho et al., 2019 (MHL, PHA) 0.30
Cho et al., 2019 (MSHL, PHA) 1.04

Choi et al., 2020

Kim et al., 2015 0.11 [-0.69;0.91] 9.5% .78
Seol et al., 2021 -0.41 [-0.89; 0.07] 14.9% .09
Total 0.14 [-0.19; 0.47] 100.0%

Heterogeneity: % = 17.28 (P = .008), I* = 65%
Test for overall effect: z = 0.83 (P = .41)

B

Weight P value
-0.14 [-0.53; 0.26] 16.6% 49
[-0.17; 0.73] 15.5% 22
[-0.16; 0.76] 15.3% .20
[0.45; 1.63] 12.8%
-0.06 [-0.51; 0.39] 15.5% .79

performed a systematic review and meta-analysis to
evaluate whether PSAPs were comparable to conven-
tional hearing aids. The present study not only com-
pared the effectiveness of the PSAP hearing aid itself
for speech intelligence but also compared the subjective
perception of the sound quality by patients using the
two types of hearing aids and the difference in listening
effort through meta-analysis. To our knowledge, this
study is the first meta-analysis to provide direct and
comprehensive evidence of the noninferiority of PSAPs
relative to conventional hearing aids.

Hearing aids are among the most important man-
agement strategies for patients with hearing loss.**’
However, the selection of a hearing aid is a multifaceted
process and is never a simple decision to make, as previ-
ous studies have identified approximately 30 factors that

Favor PSAPs Favor HA

<.001

SMD
IV, random (95% ClI)

Source SMD 95% CI Weight P value Favor PSAPs Favor HA

Brody et al., 2018 (SW) -0.14 [-0.53; 0.26] 21.9% .49

Cho et al., 2019 (MDHL, PHA) 0.28 [-0.17;0.73] 18.4% .22

Cho et al., 2019 (MHL, PHA) 0.30 [-0.16;0.76] 17.7% .20

Choi et al., 2020 -0.06 [-0.51;0.39] 18.2% .79

Kim et al., 2015 0.11 [-0.69;091] 7.2% .78

Seol et al., 2021 -0.41 [-0.89; 0.07] 16.6% .09

Total 0.00 [-0.23; 0.23] 100.0%

Heterogeneity: ) = 6.55 (P = .26), I* = 24% ' f I I '

Test for overall effect: z = 0.03 (P = .98) -4 -2 0 2 4
SMD

IV, random (95% ClI)

Figure 2. Comparison of speech intelligence between personal sound amplification products (PSAPs) and conventional hearing
aids. (A) The pooled result showed nonsignificant difference (SMD, 0.14; 95% Cl, -0.19 to 0.47; P = 41; ’=65%). (B) After excluding
the patients with moderately severe hearing loss in Cho et al,, the result remained nonsignificant (SMD, 0; 95% Cl, -0.23 to 0.23;
P = .98; ’=24%). IV indicates the inverse variance method; SW indicates that the analysis adopted the Sound World Solutions C550+
PSAP used in Brody et al; MHL indicates mild hearing loss; MDHL indicates moderate hearing loss; MSHL indicates moderately
severe hearing loss; PHA indicates premium hearing aid used in Cho et al.

www.thelancet.com Vol 46 Month April, 2022



Articles

A

Source SMD 95% CI Weight P value Favor PSAPs Favor HA
Brody et al., 2018 (SW) 0.11 [-0.28; 0.51] 21.4% .57 :

Cho et al., 2019 (MDHL, PHA) -0.27 [-0.72; 0.17] 20.6% .23

Cho et al., 2019 (MHL, PHA) -0.18 [-0.63; 0.27] 20.5% .44

Cho et al., 2019 (MSHL, PHA) -0.20 [-0.68; 0.28] 20.1% .42 ]

Choi et al., 2020 -1.50 [-2.15; -0.84] 17.3% < .001 -

Total -0.37 [-0.87; 0.13]
Heterogeneity: ﬁ =17.38 (P = .002), ?=77%

100.0%

Test for overall effect: z = -1.44 (P = .15) -4 -2 0 2 4
SMD
IV, random (95% CI)
B
Source SMD 95% CI Weight P value Favor PSAPs Favor HA
Brody et al., 2018 (SW) 0.11 [-0.28; 0.51] 26.3% .57 :
Cho et al., 2019 (MDHL, PHA) -0.27 [-0.72; 0.17] 25.6% .23
Cho et al., 2019 (MHL, PHA) -0.18 [-0.63; 0.27] 25.5% 44
Choi et al., 2020 -1.50 [-2.15; -0.84] 22.5% < .001 i
Total -0.42 [-1.08; 0.23] 100.0%
Heterogeneity: )é =17.31 (P <.001), 12=83% ' ' ' ' '
Test for overall effect: z = -1.27 (P = .21) -4 -2 0 2 4

IV, rand8M95% Cl)

Figure 3. Comparison of sound quality between PSAPs and conventional hearing aids. (A) The pooled result showed nonsignif-
icant difference (SMD, -0.37; 95% Cl, -0.87 to 0.13; P = .15; I>=77%). (B) After excluding the patients with moderately severe hearing
loss in Cho et al,, the result remained nonsignificant (SMD, -0.42; 95% Cl, -1.08 to 0.23; P = .21; =83%). IV indicates the inverse vari-
ance method; SW indicates that the analysis adopted Sound World Solutions CS50+ PSAP used in Brody et al.; MHL indicates mild
hearing loss; MDHL indicates moderate hearing loss; MSHL indicates moderately severe hearing loss; PHA indicates premium hear-

ing aid used in Cho et al.

can affect the fit of a particular hearing aid.** Among
these factors, the price of hearing aids plays a very
important role.'*>#% With the development and
advancement of technology, hearing aids have evolved
from a simple sound amplifier in the past and are now
easily compatible with personalized and telemedicine
with equipped multifunctions.’®>" However, the price
of hearing aids has not decreased as their manufactur-
ing has matured. Instead, the complexity of hearing
aids has resulted in greater costs for manufacturing,
reflected in the price.”® As a result, the adoption rate of
hearing aids might be further restricted.”® Subsidies
within the social welfare system of a nation then
become important for patients requiring hearing aids.>®
Patients who do not have sufficient social welfare sup-
port might not be able to successfully adopt hearing
aids.?® At the same time, hearing aids require certified
professionals to fit them, while audiologic training is
generally lacking in developing countries—there is less
than one audiologist for every one million people
according to previous studies.’”>* This fact reflects the
low accessibility to hearing consultants in these

countries, which would further impact the generality of
fitting a hearing aid.** Consequently, hearing loss cou-
pled with the unavailability of a hearing aid could con-
tribute to a decline in quality of life caused by inability
to communicate with people and could result in serious
comorbidities, including dementia, depression, falls,
stroke and cardiovascular disease.”” "> Since previous
evidence has identified hearing loss as a modifiable risk
factor for dementia,"* the initiation of treating hearing
loss becomes especially critical since the population
with age-related hearing loss continues to grow with the
increasing ageing of society.>#5°

Regarding the unaffordability of conventional hear-
ing aids, other hearing devices that are easier to obtain
and more affordable are considered alternative choices
to conventional hearing aids and include OTC hearing
aids and PSAPs.”” °° Differences exist among conven-
tional hearing aids, OTC hearing aids and PSAPs. First,
OTC hearing aids refer to hearing devices that can be
sold by retailers (e.g., Costco, Carrefour) and are regu-
lated by regulatory agencies (e.g., FDA or MHRA), the
same as conventional hearing aids, while PSAPs
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Figure 4. Comparison of listening effort between PSAPs and conventional hearing aids. (A) The pooled result showed nonsig-
nificant difference (SMD 0.02; 95% Cl, -0.24 to 0.29; P = .86; ’=32%). (B) After excluding the patients with moderately severe hearing
loss in Cho et al., the result remained nonsignificant (SMD, 0.07; 95% Cl, -0.28 to 0.42; P = .69; ’=49%). IV indicates the inverse vari-
ance method; SW indicates that the analysis adopted Sound World Solutions CS50+ PSAP used in Brody et al.; MHL indicates mild
hearing loss; MDHL indicates moderate hearing loss; MSHL indicates moderately severe hearing loss; PHA indicates premium hear-

ing aid used in Cho et al.

specifically refer to hearing devices that people can
obtain from the internet or from retailers and are not
under regulation by these regulatory agencies.”” °° Sec-
ond, OTC hearing aids are designed for people with
hearing loss as hearing aids, while PSAPs aim to pro-
mote the hearing ability of people with normal varia-
tions. Third, while conventional hearing aids require
professional consultation for fitting and tuning, neither
OTC hearing aids nor PSAPs require such consulta-
tions. Finally, the cost for the conventional hearing aids
is significantly higher than that for OTC hearing aids
and PSAPs since the latter two spare the expenses for
licenced professionals and hearing services. In the real
world, listeners perceive massive amounts of back-
ground noise, along with true speech voice. Correctly
distinguishing this noise and speech voice is an essen-
tial aspect of hearing devices to help patients with hear-
ing loss. A better hearing device would allow the user to
accurately identify the smaller target voice in an envi-
ronment with louder noise, which could be evaluated by
the SNR. Currently, conventional hearing aids are usu-
ally equipped with a directional microphone or remote
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microphone systems to amplify the target voice and
reduce perceived noise, thus lowering the SNR. Addi-
tionally, the internal chip of a hearing aid can provide
advanced functions, such as compression, noise cancel-
lation and feedback cancellation, to manage the electri-
cal signal from the voice and noise; this process allows
the sound output to more closely resemble to the origi-
nal voice, consequently not only promoting speech dis-
crimination for patients with hearing loss but also
optimizing the sound quality and reducing the listening
efforts of the users, resulting in a better user experience.
With considerable advances in the technology for
manufacturing PSAPs, PSAPs will also be equipped
with these functions,”®®" along with the additional func-
tions that improve user experience (e.g., compatibility
with smartphones or after-sales service). Subsequently,
the differences between PSAPs and conventional hear-
ing aids will lessen, and the acceptance of PSAPs will
increase with these cost-effective features.'®54>5%
Regarding the absence of regulation by regulatory
agencies, whether PSAPs are suitable for patients with
hearing loss as a medical device remains
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controversial.®> The lack of regulation could suggest
that the quality of PSAPs suffers from inconsistency.
Previous research has shown that different PSAPs show
a great diversity in price and incorporated
functions.'”®® Inconsistent quality of PSAPs is also
reflected in the user experience. The less expensive
PSAPs with plain features were not as satisfying as the
mid- to high-price PSAPs with multifunctional fea-
tures.®* However, we believe that unfavoured PSAPs
will be eliminated or forced to provide better functions
under market pressure. In the foreseeable future, the
quality of PSAPs should gradually improve and provide
a better alternative for hearing devices.

Limitations remain in the present study. First, there
was heterogeneity in the degree of hearing loss in the
included studies, which ranged from mild to moderately
severe hearing loss. Previous studies have indicated that
those with mild hearing loss would benefit most from
PSAPs.'945°%%5 The majority of the included studies in
this meta-analysis did not separately report data from
patients with mild hearing loss. As a result, this study
was unable to perform a subgroup analysis for the com-
parison of PSAPs and conventional hearing aids in
patients with mild hearing loss. Conversely, for patients
with moderately severe hearing loss, we performed a
sensitivity test by excluding this subgroup, and the
results remained nonsignificant. Second, several types
of PSAPs and hearing aids were used in the included
studies and could have contributed to the heterogeneity
to some degree. We conducted a sensitivity test by pair-
ing these PSAPs and hearing aids in the analysis to
address heterogeneity and avoid miscalculation of the
weights of the included studies. Except for one analysis
of speech intelligence comparisons that showed PSAPs
to be superior to hearing aids and two analyses of listen-
ing effort comparisons that showed PSAPs to be slightly
inferior to hearing aids, all of the possible combinations
of PSAP and hearing aid comparisons showed nonsig-
nificant results, suggesting that different PSAPs could
possibly bring about variations in the results. Third, dif-
ferent types of tools and scales for outcome evaluations
across included studies (i.e., the HINT and sound qual-
ity scales) could have contributed to heterogeneity.
Therefore, we used the SMD as the effect estimate to
eliminate the influence of different scales. Fourth, lim-
ited by the number of included studies in this study and
the sample sizes in the included studies, we were
unable to perform additional analysis (i.e., meta-regres-
sion, subgroup analysis) for variables of interest or
potential confounders, such as the cognitive status of
patients, the price of PSAPs and the different incorpo-
rated functions mentioned in previous studies.®>°®7
Additionally, the discovery of publication bias was also
limited under the circumstance. We alternatively sought
publication bias by the method suggested by Furuya-
Kanamori et al.,”> and the results demonstrated very
limited publication bias in the present study. Fifth,

since the included studies were not randomised, con-
trolled trials, they were supposed to report potential con-
founders and the adjustment methods. However, the
included studies did not report these issues that could
have influenced their validity. Finally, a survey of the
European Association of Hearing Aid Professionals
(AEA) and the European Federation of Hard of Hearing
People (EFHOH) reported that some PSAPs do not set
an upper limit for sound amplification, which could eas-
ily lead to noise-induced hearing injury.®® Existing stud-
ies have rarely analysed and reported on the safety of
PSAPs, so this study was not able to perform such a
safety analysis. Based on the above, we look forward to
more large-scale, randomised, controlled trials in the
future to provide further information regarding safety
and detailed characteristics for more comprehensive
and solid results.

We compared the efficacy between PSAPs and con-
ventional hearing aids by a systematic review and meta-
analysis. The current study illustrated that PSAPs are
potentially beneficial when compared to hearing aids
regarding hearing gain, sound quality and listening
effort; Given their availability and affordability, PSAPs
could be considered for patients with hearing loss in the
future. Nevertheless, as heterogeneity could develop
from devices, the different features among PSAPs and
hearing aids should be considered for patients indicated
for hearing devices.
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