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Hearing science and advances in technology can today offer new ways to
provide hearing care and address the unmet need of millions of Americans with
hearing loss. Innovative, high-quality, lower-cost hearing products, leveraging
the speed and scale of the consumer electronics industry, can be made today.
The computing power of smartphones and modern understanding of hearing
loss can today enable systems that fit hearing aids without professional

intervention.

To make this possible, it is essential to enable manufacturers to sell directly to
the customer. A direct-to-consumer approach reduces cost, increases access,
and importantly creates a direct relationship between the customer and the
manufacturer which drives innovation. But regulatory barriers stand in the way:
there is no clear regulatory pathway at FDA for direct-to-consumer hearing aids,
and nearly all states have rules effectively inhibiting modern direct-to-consumer

sales channels and requiring a license to sell hearing aids.

With a clear pathway to market, companies like Bose could apply technology
and a customer-first approach to innovate and produce high-quality, desirable
products that will be accessible to the millions of people with hearing loss that

are not currently using hearing aids.



Why OTC Hearing Aids Will Work

An OTC hearing aid works based on two fundamental building blocks: first, the technology used to build
hearing aids (speakers, microphones, chipsets, processing algorithms) is now broadly available to allow new
innovative manufacturers to enter the market, and second, scientific and technical advances enable smart
systems that allow the user to easily adjust the sound of the world until he or she can hear better. Much like
focusing a camera or binoculars, or tuning in a radio station, with the right tools and technology an individual

is completely capable of finding the settings that puts the world into better focus.

Hearing Aid Fitting: Traditional Fitting

To understand why self-fitting is both possible and critical to addressing the unmet need, it is important to
understand the traditional fitting process. “Fitting” a hearing aid is the process of setting a hearing aid to
provide appropriate amplification across different frequencies to enable better hearing. Unlike reading
glasses, to which this new category is often compared, even with an ideal fitting hearing aids cannot fully
restore hearing: instead they allow users to make better use of the hearing capability they have. Unlike
prescription eyeglasses, for which there is a single prescription that provides optimal vision correction, there is
a broad range of hearing aid settings that provide benefit to a hearing aid user, and those settings may
change according to the user’s preferences and sound environment. But like all eyeglasses, customers can

easily recognize when a setting improves their hearing.

In traditional hearing aid fitting, the dispenser relies on an audiogram and the customer’s feedback to
determine the best fit. A dispenser will begin by taking an audiogram, which will show the customer’s ability
to hear at different frequencies. Programming software provided by the hearing aid manufacturer takes the
audiogram as input, and automatically adjusts the hearing aid to settings that are generally appropriate for
that audiogram (making sounds louder at the frequencies where the user has hearing loss). After this, the
dispenser may further adjust the device based on the customer’s feedback until the customer is satisfied with
how it sounds. Motivated customers return after using the hearing aid in different environments to ask for
adjustments, often multiple times, because they have no way of adjusting their own devices. The process
works, but it is very costly in time and money, and is not currently serving the large majority of people with

hearing loss.

It is important to note that under state laws today, the person performing this fitting is required to have only a
dispenser’s license, not a degree in audiology. Current debate often conflates the hearing aid dispenser with
an audiologist, and while there are many highly skilled licensed dispensers today, it is a mistake to assume that
licensure equates with the expertise associated with an audiologist. Audiologists must complete a four-year
graduate program leading to a doctorate of audiology degree. By contrast, many state licensure laws for
hearing aid dispensers require only a high school degree, an exam, an apprenticeship or short course, and
continuing education. Audiologists are highly trained experts in hearing, but a degree in audiology is not

required to sell hearing aids.

Hearing Aid Fitting: Self-Fitting



The software tools and process described above are complex and the general population would not be able to
self-fit a hearing aid using those standard approaches. Even the dispenser would find it difficult to start from
scratch, which is why manufacturer software provides an initial fit based on the audiogram.

Self-fitting is possible, despite the complexity described above, because the patterns and causes of hearing
loss are not random and are well understood. In the United States population, well over 90% of hearing losses
are well represented by just 6 audiograms (women) and 12 audiograms (men) (Ciletti & Flamme, 2008).
Successful smart fitting systems can use this audiogram demographic data to help users quickly get to the
settings most likely to be beneficial, either by way of presets or adjustable fittings based on these patterns.
These smart systems can use the computing power of smartphones to create simple user interfaces that

control complex fitting parameters without requiring any audiological expertise in the user.

Once an effective user fitting interface is provided, the user has a powerful advantage over the dispenser:
users directly experience the changes to their hearing in the environments that matter most to them. Users
then need no expertise, just the ability to adjust or cycle through different settings (without the need to
understand the background processing) until they find ones that sound good in each situation. Early studies
of one method developed by researchers at Bose indicate users can find settings similar to those that would
be chosen by an audiologist within 20 seconds. In addition, when making blinded comparisons of their self-
chosen settings with standard audiogram-based fittings, 72% of the time those same users liked their own

settings as well or better than the standard ones (Van Tasell et al., 2014).

Further, research demonstrates that even simple self-fitting systems work. In a recent NIH funded randomized
placebo controlled trial (Humes et al., 2017), users were presented with three hearing aids, each preset to fit
one of the most common audiograms associated with mild to moderate hearing loss. The users had only
general instruction materials on how to use the hearing aids and could adjust only the overall volume of the
device. To decide which hearing aid was best, the users tried each in succession, without professional
guidance. Despite this very simplistic fitting method, users achieved a level of benefit equivalent to standard-
of-practice care and professional, customized, fitting. This is a clear indication that there is a range of
settings throughout which people will achieve benefit from their hearing aids: it is not necessary to arrive at a

single setting for an individual user to achieve meaningful benefit.

Other published reports of self-fitting hearing aids have shown that rudimentary self-fitting systems that allow
the user to customize only a few parameters provide results comparable - and sometimes preferable - to
fitting by a professional (Elberling & Vejby-Hansen, 1999; Moore et al., 2005; Dreschler et al., 2008; Keidser et
al., 2008; Zakis et al.,, 2007). More recently there has been greatly increased research activity in the area of
self-fitting, largely due to a National Institute on Deafness and Other Communication Disorders (NIDCD)
funding initiative on hearing aid affordability and accessibility. At the 2017 meeting of the American Auditory
Society there were four reports of NIDCD-funded research that concluded self-fitting methods provided
equivalent or better outcomes than standard fitting methods, and none that reported negative results (Humes
et al; Lithgow et al.; Nelson et al.; Pavlovic et al., 2017). The authors of a recent summary article on self-fitting
hearing aids (SFHASs) noted that there has been an explosion of research on self-fitting devices and methods
just in the last 5 years, and that results have been sufficiently positive that they expressed the following

opinion: “Overall, we believe that in developed countries, the SFHA will soon challenge providers of hearing



health care to change the structure and content of their services, governments and other bodies to reconsider
the metrics used to judge outcomes and the need for funding, and university programs to change the training
of audiologists. In developing countries, the app-driven SFHA should have a bright future among those who

can afford a smartphone and can access the Internet” (Keidser & Convery, 2016).

Other market experiments showing the ability to effectively self-fit are proceeding in the form of smartphone
apps that use the microphone and signal-processing power of the phone itself. Smartphone apps can function
as self-fitted hearing aids when combined with consumer-grade earphones. One recent investigation showed
that, when compared with conventional hearing aids that had been fit to research participants according to
state-of-the-art professional fitting, the two smartphone apps yielded equivalent speech understanding in
noise, higher user perceived benefit, and better satisfaction in terms of adjustability (Amlani et al., 2013).
Taken together, this is convincing evidence that users can easily learn to manipulate an effective user interface
to achieve benefit as good as that obtained with a conventionally-fit hearing aid. Self-fitting may even yield
superior outcomes if the user can continually revise the fitting as he/she grows accustomed to amplification,

and in different settings.

Key Technological Developments

Scientific and technical capabilities now exist to fully support the sale of hearing aids directly to consumers.
This was not the case when the current regulations governing the sale of hearing aids were enacted in 1977.
At that time it was essential that a professional be personally involved in the sale because (1) almost all
hearing aids were custom fabricated or used custom-fabricated earpieces and required an experienced
professional to take a custom ear impression; and (2) there were no digital or digitally-programmable hearing
aids, and therefore customization of the hearing aid’s sound processing to the user’s hearing loss had to be

done by a professional via screw driver adjustable controls on the hearing aids.

In addition, most of the scientific underpinnings necessary for development of effective and safe OTC hearing
aids were missing. For example:

e  Major discoveries had not yet been made that would lead to a new understanding of how the
damaged inner ear processes sound, and therefore there were no effective signal processing
strategies designed on the basis of hearing science principles. Hearing aids could only amplify all
sounds - whether loud or soft - with the same amplification. The only customization that was
possible was to provide more amplification in frequency regions where the hearing loss was more
severe, via crude adjustments equivalent to bass/treble controls.

e The science of hearing aid fitting was in its infancy, and there was no agreement on how to
customize amplification to hearing loss, or even on whether it should be done at all. The first
article describing a research-based fitting method for hearing aids had just been published
(Byrne & Tonnisson, 1976).

. Hearing aids did only analog signal processing. There were no advanced features - such as
feedback cancellation, noise reduction, and multi-microphone directionality - to make it easier to

fit hearing aids on a wide range of hearing losses.



e The first smartphone would not appear for 30 years; consumers therefore had no means in their
hands to effect adjustments to a hearing aid while wearing it and hearing the effect. Today

smartphones provide such a platform.

In the years since 1977, scientific and technical advances have effectively overcome all obstacles to OTC
hearing aids that then existed. The most important developments have been:

. Research carried out during the 1980s and 1990s on the pathophysiology of hearing loss resulted
in the realization that the healthy inner ear acts as an amplifier for soft sounds, but not for loud
ones (Neely & Kim, 1983; Brownell et al., 1986; Ruggero & Rich, 1991; Ashmore et al,, 2010). The
most common type of hearing loss reduces or eliminates the effectiveness of the ear’s amplifier,
so that most people with hearing loss have trouble hearing soft sounds, while their perception of
loud sounds remains relatively normal.

e The understanding of the healthy ear as a non-linear amplifier quickly led to much improved
hearing aid signal processing, in particular the wide dynamic range compression (WDRC)
processing that is ubiquitous today (Barfod, 1978; Dreschler, 1992; Hickson, 1994; Dillon, 1996).
WDRC is designed to provide amplification for soft sounds - where the ear’s natural amplifier no
longer works well - but very little or no amplification for loud sounds, where perception is
relatively normal.

e Advances in effective hearing aid signal processing in turn gave rise to several research-based
methods for customizing the signal processing in the hearing aids to the user’s hearing loss
(Byrne & Dillon, 1986; Cornelisse et al., 1995; Keidser et al., 2011). Both the programmability and
the sophisticated signal processing were made possible by the development of digital hearing
aids, which appeared in the late 90s.

e The development of effective feedback cancellation algorithms for digital hearing aids made it
possible to achieve sufficient gain before feedback, without the necessity for custom earpieces,
so that even persons with moderate to severe hearing losses can effectively use a non-custom
hearing aid.

. Mobile phones and other handheld devices can support sophisticated expert systems to help
users easily and accurately program their hearing aids using the standard wireless protocols

available in their personal consumer devices.

In 1977 the FDA Commissioner affirmed that “in the final analysis the hearing aid user is the person best
qualified to determine whether or not a hearing aid is useful and efficacious for its intended purpose” (Fed
Reg 42,1977). But at the time neither the means to make the user part of the fitting process, nor a scientific
basis for doing so, existed. It is clear that now the means do exist to enable accurate self-programming of
hearing aids, and that effective methods have already been designed and tested. If the FDA establishes the
new OTC category, we expect that it will enable considerable innovation in self-adjustment methods that
allow a user to do direct self-adjustment without the need for an audiogram, as well as methods to allow the

user to estimate his/her own audiogram and adjust from there.

OTC Hearing Aids Are Safe



In 1977, the FDA Commissioner noted that “a hearing aid device is not an inherently dangerous device” (Fed
Reg 42,1977). That has proven to be true: FDA reported at its recent workshop that there have been no
corrections or removals of hearing aid devices in recent years (see FDA’s April 21, 2016, public workshop on
“Streamlining Good Manufacturing Practices (GMPs) for Hearing Aids”). Thus, as with other products that
have been switched to OTC status after a long history of safe use, it is time for products that are otherwise
identical to conventional hearing aids to be made available OTC as long as they are accompanied by tools that

FDA concludes can help a consumer self-fit the device.

While it is generally accepted that the hearing aid device itself is inherently low risk, some have expressed
concern about the potential for users to over-amplify with their hearing aids and thereby cause hearing
damage. There are several compelling reasons to conclude that this risk will be effectively mitigated in OTC

hearing aids.

First, FDA will determine, based on scientific evidence and as part of its rule-making activity to establish

standards for OTC hearing aids, appropriate output limits to protect a user’s hearing.

Second, users are unlikely to overamplify their hearing aids because it would be undesirable: few people
would want to listen to a conversation or other environmental sounds at excessively high volume.
Furthermore, the seminal research on hearing aid prescriptive fitting, in which the gain settings preferred by
users in their everyday use in the field were observed, reported that with remarkable consistency users set
their volume controls to provide gain equal to about half their hearing losses (Byrne & Fifield, 1974; Byrne &
Tonnisson, 1976). There is no reason to expect that users who are selecting their own gain in an OTC hearing
aid would behave differently or less consistently. In fact, the recent body of published evidence on gain
preference by hearing aid users shows that users are unlikely to set their own gain at levels higher than those
prescribed by the hearing aid prescriptive fitting methods in general use by hearing professionals (Leijon et al.,
1984; Mueller, 2005; Keidser et al., 2008; Hornsby & Mueller, 2008).

Third, modern hearing aid signal processing provides gain for soft sounds, but provides little or no gain for
loud sounds, and there is no evidence whatsoever that modern hearing aid signal processing causes damage

to hearing.

It is therefore not surprising that there are very few reports in the literature of hearing damage caused by
hearing aids. The reports that do exist almost all are anecdotal or pertain to very few users and describe
subjects who had severe hearing losses and wore high-gain hearing aids that were providing linear
amplification instead of today’s standard WDRC amplification. For a comprehensive review of these issues see
Staab (2013a-e).

OTC Hearing Aids Will Be Technologically Sophisticated

Effective methods for hearing assistance are well-understood, and excellent signal-processing solutions are
available off the shelf to any manufacturer who desires to design and build high-quality hearing aids. All the
features of “premium” hearing aids - e.g. feedback cancellation, noise reduction, wind noise reduction,

multichannel compression amplification, directional processing - can also be found in CE products. By the



same token, hearing aid manufacturers are taking advantage of CE advances, most notably in the area of
wireless technology, to make their products perform more of the functions once found only in CE devices, e.g.
audio streaming, telephony, and wireless control. The reality is that the technologies of hearing aids and CE
devices are converging rapidly, and therefore the primary difference between them is or soon will be

regulatory, not technological.

Conclusion

The science and technology are ready today for OTC hearing aids. Two premier independent groups, NASEM
and PCAST, have carefully studied the policy implications and concluded that the time for OTC hearing aids is
today. The great unserved need of millions of Americans is only growing with time as our population ages.
OTC hearing aids will not fix this problem on their own, but unleashing the innovation and scale of new OTC
products in this space will make important contributions towards the hearing health of people across the

country.
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