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Abstract

Objective—Recent national initiatives from the White House and Institute of Medicine have
focused on strategies to increase the accessibility and affordability of hearing loss treatment given
the average cost of $4700 for bilateral hearing aids. More affordable direct-to-consumer hearing
technologies are increasingly gaining recognition, but the performance of these devices has been
poorly studied. We investigated the technical and electroacoustic capabilities of several direct-to-
consumer hearing devices in order to inform otolaryngologists who may be asked by patients to
comment on these devices.

Patients/Intervention—Nine direct-to-consumer hearing devices ranging in retail cost from
$144.99 to $395.00 and one direct-to-consumer hearing device with a retail cost of $30.00.

Main Outcome Measure—Electroacoustic results and simulated real-ear measurements. Main
electroacoustic measures are frequency response, equivalent input noise, total harmonic distortion,
and maximum output sound pressure level at 90 dB.

Results—Five devices met all four electroacoustic tolerances presented in this study, 2 devices
met three tolerances, 1 device met two tolerances, 1 device met one tolerance, and 1 device did not
meet any tolerances. Nine devices were able to approximate 5 of 9 NAL targets within 10 dB
while only three devices were able to approximate 5 of 9 NAL targets within a more stringent 5
dB.

Conclusion—While there is substantial heterogeneity among the selection of devices, certain
direct-to-consumer hearing devices may be able to provide appropriate amplification to persons
with mild-to-moderate hearing loss and serve as alternatives for hearing aids in specific cases.

Introduction

The prevalence of a clinically significant hearing loss doubles with each decade of life such
that nearly two-thirds of adults over 70 years-old have an age-related hearing loss (ARHL)?.
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However, less than 20% of adults with significant hearing loss have hearing aids (HAs)?2.
The low rate of HA use is the result of myriad factors including cost, required time for
multiple HA fitting visits with a hearing care professional, public awareness of the effects of
ARHL, and limited awareness of hearing treatment options by medical providers3-5.

Given the prevalence and growing recognition of the impact of ARHL on public health-°,
there is a need for novel approaches to improve access to amplification for consumers.
Direct-to-Consumer Devices (DTCDs), including both direct-to-consumer Has (available via
internet sale) and Personal Sound Amplification Products (PSAPS), represent a potentially
accessible and affordable ($100-400 per device) option. Many DTCDs can be self-fit by the
user and mirror many capabilities of traditional HAs1C. The direct-to-consumer (DTC)
model utilized by these devices facilitates their ready availability to the public at lower price
points. Current state-level regulations throughout the U.S. stipulate that HAs can only be
sold through a licensed professional (e.g., audiology, HA dispenser). Hence, HAs cannot be
directly purchased in a store where a hearing care professional is not present (e.g., at a
drugstore) but can often be purchased over the internet because inter-state sales are not
necessarily subject to state regulations and/or the company employs a licensed HA
professional. In contrast, PSAPs by virtue of not being labelled explicitly as treating hearing
loss (and hence not being considered as a HA from the perspective of the Food and Drug
Administration) can be sold over the internet or in any store.

Direct-to-consumer devices have been available for several decades; however, recent
advances in the level of technology available make this class of devices worth investigating
as a potential low cost option for some adults with ARHLC. There is a paucity of research
surrounding these devices in the healthcare literature.

Previous studies of DTCDs found that many products tended to over amplify the low
frequencies with little to no amplification above 2000 Hz, which would render devices
useless for much more common high-frequency hearing loss, and produced high levels of
internal noise!1-13, However, certain devices did meet some electroacoustic standards of
traditional HAs, and were able to approximate some amplification targets.1!

The purpose of this study was to conduct basic electroacoustic analyses on a current
selection of DTCDs to understand the capabilities of these devices and provide evidence to
make appropriate recommendations to patients.

Device Selection

Selected devices were a combination of products with the most user reviews on third party
consumer and vendor websites as well as devices that were previously known to the
investigators. Nine devices available for purchase on the internet were selected for inclusion
in the study based on the following criteria: (a) devices had to be marketed for hearing loss
or situational hearing, (b) devices had to be readily available to the public, and (c) devices
had to be in the $150 to $400 price range. In addition, one readily available $30 device sold
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over the counter at a major drugstore chain was included. Table 1 summarizes the device
characteristics.

Data Collection Procedures

Data were collected independently in replicate on two calibrated Audioscan Verifit 1.0 test
boxes by different audiologists. Data were aggregated and compared, and repeated as
appropriate when substantive differences were noted between the replicate datasets.

Electroacoustic Analysis

Electroacoustic measurements on all devices were performed using a HA 1 2cc coupler
regardless of hearing device style in order to obtain independent electroacoustic datall.
Tolerances for four measurements in this study were established based on previous literature,
including American National Standards Institute (ANSI) S3.22-1987 standards, and a scan
of current specification sheets for HAs appropriate for mild to moderate ARHL (Phonak
Audeo RIC B-312, Oticon Ria2 RITE 85, and Starkey Muse RIC 312t)11.14, Devices were
judged on their ability to meet these four set tolerances for a specific ARHL audience rather
than compared against a set of commonly available HAs because HAs are already subject to
regulation by the Food and Drug Administration and direct comparisons are nebulous as
current ANSI standards allow manufacturers to set their own specifications which creates a
wide array of specifications given the different technology levels and output capabilities of
HAs. All HAs used as references to create tolerances would meet all tolerances based on
their specification sheets. Electroacoustic measurements included:

1 Frequency range over which the device amplifies. Devices should amplify speech
over 250 to 6000 Hz to cover the complete range of speech.

2. Total harmonic distortion (TDH) at 500, 800, and 1600 Hz, TDH represents the
introduction of undesired harmonics into the signal. Higher TDH will distort the
signal, causing unintelligibility. TDH was not to exceed 3% at any given
frequency.

3. Equivalent internal noise (EIN). EIN represents the noise produced by the device
during amplification. A higher EIN will mask the signal of interest and make
listening more difficult for the user. A tolerance of < 28 EIN was used based on
ANSI S3.22-1987.

4, Lastly, maximum output sound pressure level at 90 dB SPL (Max OSPL 90) and
maximum output sound pressure level at 90 dB SPL frequency (Max OSPL
frequency). Max OSPL 90 represents the maximum output of a device with an
input of 90 dB while Max OSPL frequency represents the frequency of the peak
output produced by the device. Based on a review of several HA manufacturer
specifications for HAs regularly recommended for mild to moderate ARHL, Max
OSPL 90 tolerance was set at no greater than 120 dB SPL.

Simulated Real Ear Measures

Speech mapping, a measurement of providing appropriate gain for a given hearing loss, was
measured at soft (55 dB SPL), average (65 dB SPL), and loud (75 dB SPL) input levels. HAs
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are highly customizable and generally meet all targets appropriately. We determined whether
each device could provide appropriate levels of amplification (within 5 dB or 10 dB SPL) at
9 frequencies (0.25 kHz to 6 kHz) based on National Acoustics Laboratories (NAL) NAL-
NL2 and NAL-R prescriptive threshold-based targets'>-17 for common mild-to-moderate
ARHL configurations?8.

The mean electroacoustic results and consistency with defined tolerance limits for each
device are presented in Table 1. Notably, five devices met all four of the electroacoustic
criteria noted above: the Etymotic Bean, the SoundWorld Solutions CS-50+, the
SoundHawk, the Tweak Basic and the Tweak Focus. The MSA30x did not meet any of the
established electroacoustic criteria.

Table 1 indicates the number of frequencies at which each device was able to approximate
target gain during speech mapping within 10 and 5 dB SPL. All but one device, the
MSA30x, were able to approximate at least half (5 of 9) targets within 10 dB SPL. The
SoundWorld Solutions CS-50+, the Songbird Ultra, and the SoundHawk were able to
approximate half the targets within 5 dB SPL. These results, as well as those for other input
levels, are also visualized in Figure 1.

Discussion

Our results demonstrate that certain DTCDs are comparable to traditional HAs in their
electroacoustic output and ability to approximate NAL target gains in a well-controlled
clinical environment. Specifically, the electroacoustic output of five devices from this
sample were within defined tolerance limits on characteristics of frequency range, TDH, and
EIN. In addition, most of the tested devices were able to match target within £10 dB SPL
across at least five of nine frequencies in a simulated real ear measure evaluation of the
device output when using a typical ARHL configuration while three devices were within +5
dB across at least five of nine targets. These results suggest certain DTCDs produce ample
amplification across a wide enough frequency range with low enough distortion to meet the
amplification needs of a person with mild-to-moderate ARHL. In contrast, one device
readily available over-the-counter at retail drug stores (MSA30x) provided over-
amplification of low frequencies while under amplifying the high frequencies and producing
excessive internal noise consistent with prior studies investigating DTCDs11:12,

As the variety of amplification options increases, otolaryngologists and other hearing care
professionals have an opportunity to provide support and recommendations to consumers
who wish to pursue DTCDs as a communication solution. While some adults will be able to
explore products independently and find benefit, others may require more professional
guidance from an audiologist for professional fitting of HAs and rehabilitative education.

This study is limited in that we only investigated a small sample of the many devices
available in this emerging market. Moreover, these results are obtained in a clinical setting
and do not represent real-world outcomes.
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Conclusion

There is substantive heterogeneity in the quality and performance of DTCDs.
Otolaryngologists and other hearing care professionals should be aware that some DTCDs
meet objective electroacoustic criteria and have the ability to provide appropriate
amplification for hearing loss. Our study shows some DTCDs meet the basic electroacoustic
criteria necessary for aiding a person with mild to moderate ARHL and could be
recommended to patients in need of alternative options.
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Figure 1.

Visualization of each device's ability to approximate NAL targets at soft (55 dB SPL),

average (65 dB SPL), and loud (75 dB SPL) input levels

Device speech mapping results are displayed whereas the black line represents the target
with a shaded region of within 10 dB surrounding it. The blue line represents device output
for soft input, pink represents device output for average input, and red represents device

output for loud input.
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