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Personal Sound Amplification Products
vs a Conventional Hearing Aid for Speech
Understanding in Noise
Presently, hearing aids can only be purchased in the United
States through a licensed professional, with a mean cost of
$4700 for 2 hearing aids (uncovered by Medicare).1-3 Accord-
ing to nationally representative estimates based on 2605 adults
from 1999 through 2006, less than 20% of adults with hear-
ing loss report hearing aid use.4 Personal sound amplification
products (PSAPs) are less-expensive, over-the-counter de-
vices not specifically labeled for hearing loss treatment, but
some are technologically comparable with hearing aids and
may be appropriate for mild to moderate hearing loss.1 We com-
pared a sample of these devices with a conventional hearing
aid among individuals with mild to moderate hearing loss.

Methods | This study protocol was approved by the institu-
tional review board at Towson University and Johns Hop-
kins, and written informed consent was obtained from each
participant. From April 2016 through January 2017, we
screened adults aged 60 to 85 years at a university audiology
clinic to recruit a convenience sample for a randomized
study. Inclusion criteria included mild to moderate hearing
loss (20-55 dB HL; pure-tone average, 500-4000 Hz), no
prior amplification use, and no cognitive impairment (Mini
Mental State Examination score, >24).

Participants completed the AZBio sentence-in-noise
task,5 a routinely used measure of speech understanding to
assess functional hearing. Participants repeated sentences in
the presence of background noise under 7 conditions:
unaided, with a hearing aid, and with 5 PSAPs. To control for

order effects, sentence lists and devices were randomly
ordered using a Latin square design balancing first-order car-
ryover effects. Accuracy (percentage of words repeated cor-
rectly; range, 0%-100%) was recorded for each condition (20
sentences per condition).

All testing was completed in a calibrated sound booth by
an audiologist. To simulate a moderately difficult listening en-
vironment, sentences were presented via a speaker at a 0° azi-
muth (ie, directly in front of the participant) at 35 dB HL while
speech babble noise was concurrently presented at a 180° azi-
muth (ie, directly behind) at 30 dB HL. A sample of 9 of the
most-sold PSAPs via a large e-commerce retailer was as-
sembled and tested for electroacoustic properties. Of the 9, the
4 PSAPs with the most favorable electroacoustic properties and
1 PSAP available in retail pharmacies were chosen and com-
pared with 1 hearing aid commonly dispensed in a university
audiology clinic. The same units were tested in each partici-
pant, unilaterally fit and adjusted to each participant’s hear-
ing in their better-hearing ear using best-practice verification
methods by an audiologist.

Linear mixed-effects regression models were used to model
the within-participant change in performance with each de-
vice. Analyses were performed using R (R Foundation), ver-
sion 3.3.2.

Results | Of 63 adults screened, 42 met inclusion criteria (mean
age, 71.6 years; women, 67%). The change in accuracy in speech
understanding from unaided to aided varied by device (Table).
The hearing aid and 4 of the PSAPs improved speech under-
standing from the unaided condition. The mean unaided ac-
curacy was 76.5%. The hearing aid improved speech under-
standing accuracy to 88.4% for an absolute improvement
difference of 11.9 percentage points (95% CI, 9.8 to 14.0). Three

Table. Accuracy in Speech Understanding in Noise From Unaided to Aided With PSAPs and a Hearing Aid Among 42 Older Adults With Mild
to Moderate Hearing Lossa

Cost, US $b Mean Accuracy, % (95% CI)
Change From Unaided Hearing,
Percentage Points (95% CI)

Difference Between PSAP and
Hearing Aid Change, Percentage
Points (95% CI)

Unaided hearing 76.5 (72.7 to 80.3) NA

Oticon Nera 2 hearing aidc 1910.00 88.4 (84.5 to 92.4) 11.9 (9.8 to 14.0)

PSAP

Sound World Solutions CS50+ 349.99 87.4 (83.5 to 91.4) 11.0 (8.8 to 13.1) −1.0 (−2.7 to 0.8)

Soundhawk 349.99 86.7 (82.7 to 90.6) 10.2 (8.0 to 12.3) −1.8 (−3.5 to 0)

Etymotic BEAN 299.99 84.1 (80.2 to 88.1) 7.7 (5.5 to 9.8) −4.3 (−6.1 to −2.5)

Tweak Focus 269.99 81.4 (77.4 to 85.3) 4.9 (2.8 to 7.0) −7.0 (−8.8 to −5.3)

MSA 30X Sound Amplifier 29.99 65.3 (60.1 to 70.4) −11.2 (−15.2 to −7.3) −23.1 (−26.9 to −19.4)

Abbreviations: NA, not applicable; PSAP, personal sound amplification products.
a The pure-tone average was 500-4000 Hz; the mean dB HL was 34.7 in the

right ear and 36.1 in the left ear.
b The cost of the hearing aid was the wholesale price paid by the Johns Hopkins

University Audiology Clinic. PSAPs were purchased online (Sound World

Solutions CS50+, Soundhawk, Etymotic BEAN, Tweak Focus) and storefront
retail (MSA 30X Sound Amplifier). All devices were purchased between
January 2016 and April 2016.

c Oticon Nera 2 is a US Food and Drug Administration–regulated hearing aid,
whereas all other devices are PSAPs.
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of the PSAPs demonstrated an improvement that was within
5 percentage points of the hearing aid (Sound World Solu-
tions CS50+: accuracy, 87.4%, difference, 11.0 percentage points
[95% CI, 8.8 to 13.1]; Soundhawk: accuracy, 86.7%, differ-
ence, 10.2 percentage points [95% CI, 8.0 to 12.3]; Etymotic
BEAN: accuracy, 84.1%, difference, 7.7 percentage points [95%
CI, 5.5 to 9.8]). For 1 PSAP, mean aided speech understanding
was worse than the unaided condition (MSA 30X: accuracy,
65.3%, difference, −11.2 percentage points [95% CI, −15.2 to
−7.3]).

Discussion | Select PSAPs were associated with improvements
in speech understanding for individuals with hearing loss that
were similar to results obtained with a hearing aid, whereas 1
demonstrated little improvement and 1 degraded speech un-
derstanding. To our knowledge, this is the first study of PSAPs
that controlled for between-participant variability and order
effects. The study was limited by a modest number of partici-
pants, sampled by convenience, who were tested in a con-
trolled audiological setting under unilaterally aided condi-
tions and with only a limited sample of currently available
hearing technologies. Whether similar results would have been
obtained with other devices or if the user self-programmed the
device is unknown. Results lend support to current national
initiatives from the National Academies,1 White House,2 and
bipartisan legislation3 requesting that the US Food and Drug
Administration create a new regulatory classification for hear-
ing devices meeting appropriate specifications to be avail-
able over the counter.
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COMMENT & RESPONSE

Osteoporotic Fractures Associated
With Dabigatran vs Warfarin
To the Editor In a retrospective population-based cohort study
including adult patients newly diagnosed with nonvalvular
atrial fibrillation and subsequently prescribed dabigatran, a
non-vitamin K antagonist oral anticoagulant (NOAC), or the vi-
tamin K antagonist warfarin, Mr Lau and colleagues reported
lower osteoporotic hip plus vertebral fracture risk among dabi-
gatran vs warfarin users (incidence rate ratio [IRR], 0.38; 95%
CI, 0.22 to 0.66).1 This is an important finding that requires
careful interpretation.

The lower hip plus vertebral fracture risk in dabigatran vs
warfarin users could result from a decrease in the risk with dabi-
gatran rather than an increase in the risk with warfarin be-
cause posthoc analysis in patients newly diagnosed with non-
valvular atrial fibrillation showed that dabigatran use was
associated with lower fracture risk compared with non-
treated patients (IRR, 0.52; 95% CI, 0.33 to 0.81). The possi-
bility is also supported by accumulating clinical data indicat-
ing that warfarin use is unlikely to cause fragility fractures,
especially the most severe hip fracture, generally due to fall-
ing among older patients.2-4

The lower hip plus vertebral fracture risk in dabigatran
vs warfarin users1 was marked in patients with a history of
falls or fractures (IRR, 0.12; 95% CI, 0.04 to 0.33) but was
not found in those without such history (IRR, 0.95; 95% CI,
0.45 to 1.96) and was present after less than 1 year of use
(IRR, 0.41; 95% CI, 0.21 to 0.79). These results theoretically
imply a rapid and strong antifracture efficacy associated
with dabigatran use; the mechanisms involved are
unknown, but dabigatran use might result in the prevention
of falls rather than the improvement of bone fragility
because the latter takes time considering the antifracture
efficacies of current osteoporosis drugs.

Further studies are expected, as suggested by the
authors,1 to clarify the risk not only of age-related fractures

Letters

90 JAMA July 4, 2017 Volume 318, Number 1 (Reprinted) jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a Johns Hopkins University User  on 07/03/2017

mailto:nreed9@jhmi.edu
http://www.nationalacademies.org/hmd/Reports/2016/Hearing-Health-Care-for-Adults.aspx
http://www.nationalacademies.org/hmd/Reports/2016/Hearing-Health-Care-for-Adults.aspx
http://www.nationalacademies.org/hmd/Reports/2016/Hearing-Health-Care-for-Adults.aspx
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_hearing_tech_letterreport_final.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_hearing_tech_letterreport_final.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28257536
https://www.ncbi.nlm.nih.gov/pubmed/22332170
https://www.ncbi.nlm.nih.gov/pubmed/21829134
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.6908

