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The International Institute of Noise Control Engineering (I-INCE) is an international, 

nonprofit, nongovernmental consortium of more than 40 member organizations with interest in 

the control of noise and vibrations that produce noise. I-INCE was chartered in Z¿rich in 1974 

on the basis of Swiss Civil Law. The objectives of I-INCE are to sponsor annual international 

congresses on noise control engineering in the INTER-NOISE series as well as other specialized 

conferences, and to promote cooperation in research on the application of engineering principles 

for the control of noise and vibration. I-INCE undertakes technical initiatives and produces 

reports on important issues of international concern within the I-INCE field of interest.    
ǿǿǿΦƛπƛƴŎŜΦƻǊƎ  

The Institute of Noise Control Engineering of the USA (INCE-USA) is a nonprofit, 

professional-membership organization incorporated in 1971 in Washington, DC. A primary 

purpose of the Institute is to promote engineering solutions to noise problems. INCE-USA is a 

Member Society of the International Institute of Noise Control Engineering. INCE-USA has two 

publications, the Noise Control Engineering Journal (NCEJ) and NOISE/NEWS International 

(NNI). NCEJ contains refereed articles on all aspects of noise control engineering. NNI contains 

news on noise control activities around the world, along with general articles on noise issues and 

policies.   ǿǿǿΦƛƴŎŜǳǎŀΦƻǊƎ  

The Institute of Noise Control Engineering Foundation (INCE Foundation) is a nonprofit, 

tax-exempt, publicly supported, charitable organization established in 1993 and incorporated in 

the state of New York as a Section 501(c)(3) organization. The purposes of the foundation are 

to advance scientific and educational activities directed toward the theory and practice of noise 

control engineering and to promote such scientific and educational activities through grants 

and other forms of financial assistance to various individuals, institutions, and organizations.  

The INCE Foundation annually funds many of the INCE-USA awards for students and 

professionals.  

  

The National Institute for Occupational Safety and Health (NIOSH) is the US federal 

agency that conducts research and makes recommendations to prevent worker injury and illness. 

The Occupational Safety and Health Act of 1970 established NIOSH, which partners with the 

Occupational Safety and Health Administration (OSHA). OSHA is part of the US Department of 

Labor, and it develops and enforces workplace safety and health regulations. NIOSH is part of 

the US Centers for Disease Control and Prevention, in the US Department of Health and  

Human Services. It has the mandate of helping to assure ñevery man and woman in the Nation 

safe and healthful working conditions and to preserve our human resources.ò 
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This document is the final report on a workshop hosted by the US National Academy of 

Engineering (NAE) on October 24ï25, 2023. This workshop, "Occupational Noise Exposure: 

Risks and Controls," was organized by the INCE Foundation under a 2016 NAE policy on 

member-organized events. The steering committee consisted of Adnan Akay, visiting professor, 

Sapienza University of Rome; Patricia Davies of Purdue University; Eric Ducharme, member, 

NAE; Gregg G. Fleming with the Volpe National Transportation Systems Center; Robert D. 

Hellweg Jr. with Hellweg Acoustics; James K. Thompson of JKT Enterprises; and Eric W.  

Wood with Acentech.   

This "Occupational Noise Exposure: Risks and Controls" workshop report includes a 

summary of each presentation and images of selected slides shown at the meeting. Summaries 

of workshop discussions are also included. Presentation and discussion summaries are 

followed by three appendices: Appendix A with the workshop program, Appendix B with a list 

of attendees, and Appendix C with a list of acronyms.   

NAE executive officer and chief operating officer Alton Romig welcomed participants 

on the workshopôs first day. Introductions were provided by James Thompson, Patricia Davies, 

Robert Hellweg, Eric Ducharme, Gregg Fleming, and Eric Wood. The workshopôs keynote 

addresses focused on the state of occupational noise exposure in the US, surveillance of noise 

and occupational hearing loss in the US, and models for the prevention of occupational noise 

induced hearing loss.  
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Support from the National Academy of Engineering in hosting the workshop is very much 

appreciated. Special thanks are extended to NAE meetings coordinators Sherri Hunter ŀƴŘ 

Melissa Moore-Esquivel.  

Vital assistance was also provided by rapporteur Tamar Nordenberg. She wrote the 

summaries of the workshop presentations, which were then reviewed by the presenters. With 

technical assistance from the editors, she produced a cohesive, readable report.  

Report editors Adnan Akay, Patricia Davies, Eric Ducharme, Robert Hellweg, Gregg 

Fleming, James Thompson, and Eric Wood put in many hours in the preparation of this report, 

and are grateful to the paper authors for their presentations at the workshop and for reviewing 

the summaries of their presentations.  

The support of the INCE Foundation is gratefully acknowledged. Finally, thanks to the 

NAEôs Committee on Technology for a Quieter America (TQA), chaired by George Maling, 

which produced the foundational 2010 NAE Technology for a Quieter America report with its 

numerous important findings and recommendations.  
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The October 2023 ñOccupational Noise Exposure: Risks and Controlsò workshop examined the 

risk of occupational noise exposure for US workers and progress that has been made in 

controlling it. As noted by James Thompson in his workshop opening remarks, the issue of 

occupational noise exposure has long been recognized, and significant progress has been made in 

this area, yet significant challenges remain. With as many as 23 million American workers 

estimated to be overexposed daily, this is not a problem to be ignored.   

  

OPENING REMARKS   

  

To start the program, there was an acknowledgment of the debt owed to the late William Lang 

and George Maling, who founded the Technology for a Quieter America (TQA) initiative and led 

the planning and execution of the 12 previous workshops. Members of both their families 

provided brief remarks on the importance of this effort and how pleased they were, and how 

gratified George and Bill would be, to see the TQA workshops continuing.   

Alton Romig, executive officer of the National Academy of Engineering (NAE), 

welcomed workshop participants to the two-day workshop. In his opening remarks, Romig 

shared his perspective on the challenges related to noise in the workplace and its consequences 

for workers.  

In industry and elsewhere, Romig noted, workers are exposed to a great deal of noise, and 

the speaker himself has been no exception. He experiences tinnitus following a long career that 

began as an intern working in a steel millôs open-hearth shop, where he was exposed to 

supersonic oxygen lances and dynamite used to create atap hole for pouring steel into molds.    

After recounting his experiences with noise exposure, Romig noted that one thing that has 

become clear over the last few decades is that wearing hearing protection is very importantð 

even for short periods, as hearing damage occurs cumulatively. He ended by saying: ñSo, I hope 

you take this opportunity to listen and learn, network and dialogue with your colleagues, and take 

back some lessons learned that you may be able to apply to help protect the hearing of you, your 

colleagues, and others in the workforce.ò  

  

MAIN PRESENTATIONS  

   

The workshop consisted of 20 presentations, as well as participant and panel discussions. The 

presentations and discussions are summarized in this report, although not always in the exact 

order in which they took place during the workshop.   

  

Keynotes  

  

The first keynote speaker was Richard Neitzel from the University of Michigan. He provided an 

overview of the state of occupational noise exposure in the United States. He described noise 

exposure as a ñubiquitousò type of exposure not only in the US but also globally. From his 
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perspective, regulations with the force of law are largely obsolete and insufficient to protect 

worker health. He went on to say that noise receives little emphasis and is rarely the focus of 

compliance efforts by occupational safety and health agencies. He cited the National Institute for 

Occupational Safety and Health (NIOSH) estimate that about 20 to 25 million US workers are 

exposed to hazardous levels of workplace noise and about a quarter of US workers have a history 

of high occupational noise exposure. He pointed out that where workers are exposed to noise 

levels below 100 dB(A), Occupational Safety and Health Administration (OSHA) and Mine 

Safety and Health Administration (MSHA) amendments and revisions have allowed employers 

to provide personal protective equipment to protect workers. This option reduces the 

governmentôs inspection burden and paints a picture of effective enforcement. His concern was 

that this reduces the need for engineering controls to reduce noise and may not adequately 

protect workers.   

In the second keynote, Elizabeth Masterson from NIOSH discussed surveillance of 

occupational hearing loss in the United States. She noted that occupational hearing loss is one of 

the most common work-related health issues, with approximately 12 percent of the US working 

population experiencing hearing difficulty. Her data shows that less than half of noise-exposed 

workersð47 percentðwear hearing protection. From the data, mining, construction, and 

manufacturing are consistently the highest-risk industries. In the railroad industry, 35 percent 

report hearing difficulty, which is the highest figure of any industry. Masterson made the point 

that some industries, such as real estate, finance and professional services, and health care and 

social assistance, have a higher-than-expected prevalence of noise exposure, according to 

research. The takeaway from these numbers: No industry can be considered safe and free of 

noise exposure.  

The third keynote presentation was made by Deana Meinke of the University of Northern 

Colorado. She discussed models of the prevention of noise-induced hearing loss. She discussed 

four primary models with promise to prevent worker hearing loss: the public health/preventive 

medicine model, the regulatory model, the medical model, and the health communication model.  

Each model was discussed in some detail, highlighting the positive and negative aspects of each. 

The presentation concluded with a summary of the ñringsò of the socio-ecological model of 

hearing health promotion. These are the public policy ring, the cultural ring, the organizational 

ring, the interpersonal ring, and the ñselfò ring. In concluding her remarks, Meinke noted the 

model for a successful prevention program is based on health communication and is tailored to 

the target population based on factors including those related to demographics, workplace 

environment, and culture. Messaging should be continually reviewed for effectiveness and 

adapted as necessary.  

  

Presentations in four major areas  

  

Are workers being adequately protected from overexposure to occupational noise?  

  

Melanie Hayes from OSHA gave a presentation assessing the status of worker noise exposure 

and protection. She noted that in its worker protection mission, OSHA enforces occupational 

safety and health standards including noise exposure limits. Using data covering the years 1979 

to 2013, research by Sayler and colleagues found that manufacturing still accounted for most of 
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OSHAôs noise exposure measurements, with about 33 percent exceeding the agencyôs 

permissible exposure limit of 90 dB(A) and 78 percent exceeding the action limit of 85 dB(A). 

Hayes cited the need for better training tools to help workers understand the nature and 

importance of hearing protection.   

The presentation from Christa Themann of NIOSH was given by David Byrne from the 

same agency. The topic of this presentation was the combination of considerations and 

challenges related to occupational noise exposure. He noted that despite the long history of 

audiology research and workplace hearing conservation efforts, challenges remain when it comes 

to measuring and managing hearing loss. Cited challenges included: variable nature of 

occupational noise, inadequate measures of hearing risk, underemphasis of noise control, 

overemphasis of hearing protection, and cultural acceptance of loud sound.   

Gregory Flamme from Stephenson and Stephenson Research and Consulting (SASRAC) 

provided an overview of human hearing. He noted that hazards to hearing can occur in the outer, 

middle, and inner ear. Discussing the effects of hearing loss, he noted that reduced audibility 

(reduced difference between the signal one intends to hear and oneôs hearing sensitivity, or the 

ambient noise that might be masking the signal) represents a significant impact. In conclusion, he 

said of the negative effects of noise on peopleôs daily lives that it may not be possible to 

eliminate them but perhaps they can be rendered unnoticeable.    

The next presenter on this topic was Colleen G. Le Prell, from the University of Texas at 

Dallas. Her presentation looked at whether prevention or reversal of hearing loss is a realistic 

goal. She highlighted the fact that drug interventions, and increasingly gene therapy, are among 

the approaches being researched toward preventing hearing loss and restoring hearing. Her 

assessment is that scientific study is supported by the new understanding that hair cell death can 

occur over a window of time. Various antioxidants have shown promise, in animal and human 

studies, for reducing threshold shift. However, she cautioned that much work remains to be 

doneðin reaching beyond the audiogram to effectively measure noise impacts, for example, and 

improving approaches for studying conditions such as tinnitus and hearing-in-noise deficits.  

The final presentation on this topic was made by Davide Byrne of NIOSH. He described 

his current project to update the NIOSH noise exposure criteria document, noting that the 

document was created in 1972 and revised in 1998. NIOSH has identified three priorities for 

consideration in this update: hearing protector fit testing, improved age-adjustment tables, and 

assessment of complex noise exposures. He noted there is also ongoing consideration of which 

additional topics may have to be revisited.  

  

What are the quality of life and economic impacts of worker overexposure, for the individual, 

employer, and nation?  

  

The first presentation on this topic was by Jennifer Tufts from the University of Connecticut. Her 

focus was the financial and economic impacts of noise exposure on individuals, employers, and 

the nation. Her fundamental premise was that the burden of occupational noise exposure is 

enormous, and economic analyses tend to vastly underestimate the impact of noise exposure at 

work. Economic models are challenged to determine the true burden of this safety and health 

issue, given factors such as underreporting of illnesses and injuries, and the need to account for 

personal and societal values and monetize quality-of-life impacts.  
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The next presentation was by Frank Lin of John Hopkins University. His topic of 

discussion was hearing loss and cognition. He shared his expertise relating to hearing loss and its 

link with cognition and dementia. The focus of Linôs presentation was the Lancet Commission on 

Dementia Prevention, Intervention, and Care, an expert panel set up to review evidence and 

produce recommendations related to potentially modifiable risk factors for dementia. Hearing 

loss holds great promise as a target for interventions as the US population ages. Controlled 

clinical studies such as the National Institute of Agingôs (NIA) Aging and Cognitive Health  

Evaluation in Elders (ACHIEVE) trial are providing critical information about addressing 

hearing loss as a strategy for preventing cognitive decline.  

Next, Richard Neitzel of the University of Michigan described the relationship between 

noise exposure and occupational injuries. He noted that a factor that can help encourage noise 

control in the workplace is the link between high noise levels and accidents and injuries. Recent 

research offers evidence of strong associations between noise exposure and injury risk.  

The final presentation on this topic was by Amy Blank of the US Army. She discussed the 

impact of noise-induced hearing loss in the military. She noted that hearing plays a crucial role in 

situational awareness and success on the naturally noisy battlefield, while hearing loss and 

tinnitus are among the most common service-connected disabilities. Blank cited boothless 

audiometry, used for hearing tests and fit testing, as exemplifying Department of Defense efforts 

to modernize its hearing conservation approaches.    

  

What needs to be done to prevent overexposure?  

  

The presentation by SASRACôs William Murphy was given by Gregory Flamme (from the same 

organization). The presentation was on implementing hearing protector fit testing. Currently, 

hearing protection devices are the primary method for safeguarding worker hearing. Poor 

performance, which is common, is more likely indicative of incorrect use than a shortcoming of 

the devices themselves. Achieving proper fit is essential, and fit testing represents a best practice 

in this regard.   

Marjorie McCullagh of the University of Michigan gave the next presentation on 

mechanisms to increase the use of hearing protection devices. Farmersða huge proportion of 

whom work on family farmsðare exposed to high levels of noise during their work. Regulations 

and workplace health services such as effective hearing conservation programs are nonexistent 

for these agricultural workers. Given the barriers to farmersô consistent and correct use of hearing 

protection devices, the need exists for effective, targeted training programs to motivate this 

workforce to take hearing-protective steps. Some of these protective steps also apply to 

occupational noise exposure in other settings.  

Next, James Barnes from Acentech Inc. discussed the implementation of noise controls. 

From the engineering perspective, noise control strategies for protecting industrial workersô 

hearing can be viewed in terms of three overarching categories: source-, path-, and receiver 

focused. Important progress has been made within each category, with sophisticated technologies 

such as computerized acoustic models and smartphones offering great promise for transformative 

engineering controls going forward.     

Robert Aldrich of the Department of Labor described what can be done in the legal and/or 

regulatory contexts. The Occupational Safety and Health Act and OSHAôs illness and injury 



р  

  

recordkeeping and reporting requirements require employers to record and report workrelated 

fatalities and non-minor injuries and illnesses, including hearing loss. Under circumstances 

specified in the OSHA noise standard, employers are required to establish a hearing conservation 

program and take steps such as performing worker audiograms and reporting hearing loss.    

The final presentation relating to overexposure prevention was by Laurie Wells of 3M. 

Her presentation looked at the national and international regulatory landscape for hearing 

protector fit testing. Hearing protector fit testingðrecognized as a best practice in 2008 by the  

OSHA/National Hearing Conservation Association (NHCA)/ NIOSH Allianceðhas the potential 

to change the practice and outcomes of hearing conservation. The practice is increasingly gaining 

acceptance as an integral component of occupational hearing loss prevention programs, but gaps 

must be addressed if hearing protector fit testing is to be mandated within the US regulatory 

landscape.    

  

Are there engineering solutions, other than noise controls, that could reduce the impact of 

overexposure?  

  

Charles Brenner, from the City of Hope, discussed work on the use of the dietary supplement 

nicotinamide riboside (NR) for potential prevention of hearing loss. Nicotinamide adenine 

dinucleotide (NAD) coenzymes, important components of metabolism, are exposed to the 

elements of metabolic stresses and disease processes, and noise overexposures lead to a decline 

in cochlear NAD systems. It has been shown that providing the NAD precursor vitamin 

nicotinamide riboside to mice can protect their hearing. A clinical trial has yet to be conducted 

and could be helpful in assessing whether NR can protect human hearing.  While it is early in the 

research cycle, with implementation likely still a decade away, study of this dietary supplement 

offers promise for hearing loss prevention.    

  

PANEL DISCUSSION: WORKSHOP REVIEW AND GUIDING QUESTIONS  

  

James Thompson opened this discussion and asked expert panelists Richard Neitzel, Elizabeth 

Masterson, Deanna Meinke, Laurie Wells, and Melanie Hayes for their brief conclusions and 

recommendations coming out of the workshop. Topics discussed included health education, 

economic analysis, human impact, and the need to identify individuals and organizations in a 

position to take action to reduce the risk of occupational hearing loss. Opinions on what needed 

to be done ranged from better education of the public to updates to regulations viewed as 

outdated. The final discussions were focused on recommendations for reducing worker risk of 

noise overexposure.  

  

CLOSING REMARKS  

  

The ñOccupational Noise Exposure: Risks and Controlsò workshop was concluded by James 

Thompson, who summarized some highlights from the meeting. Thompson discussed the process 

of preparing the workshop report, noting that participants would have the opportunity to provide 

input on the summaries of their presentations. Thompson also thanked those whose valuable 

contributions made the workshop a success.    
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мΦ LƴǘǊƻŘǳŎǝƻƴ  
  

Background  

  

The 2010 National Academy of Engineering (NAE) report Technology for a Quieter America1 

(TQA) emphasizes the importance of engineering to the quality of life in the United States, and 

particularly the role of noise control technology in achieving a quieter environment. Subjects 

addressed include environmental noise in communities; control of hazardous noise in 

workplaces; metrics for assessing noise and noise exposure; noise control technologies; standards 

and regulations for product noise emissions; cost-benefit analysis for noise controls; and the role 

of government, education, and public information in noise control. The report offers a wide range 

of related recommendations, implementation of which promises to reduce Americansô noise 

exposure and improve the ability of US industry to compete in world markets where increasing 

attention is being paid to productsô noise emissions.  

Following publication of the NAE TQA report, a series of workshops have been held. 

This workshop series began in 2012 with a meeting on reduction of motorcycle noise. Workshops 

followed on topics such as quiet pavements, employee noise exposure in manufacturing, noise 

from commercial aviation and air mobility vehicles, technology transfer, and noise control 

engineering education.  

  

  

Workshop Overview    

  

This report is a summary of the ñOccupational Noise Exposure: Risks and Controlsò workshop 

held in Washington, DC, on Oct. 24ï25, 2023. The workshop, hosted by the National Academy 

of Engineering, is the 13th in a series of TQA follow-on workshops organized under a policy 

announced by the NAE in 2016 that allows for member-initiated events.   

This report covers the 20 ñOccupational Noise Exposureò workshop presentations. 

Presentation summaries were prepared by a professional science writer from transcripts, and all 

presenters had an opportunity to review the summaries of their presentations before publication.  

Occupational noise has been a recognized issue since the beginning of the Industrial Revolution. 

In the last 50 years, regulations and articles in the literature have highlighted the challenges 

associated with occupational noise exposure. This workshop focused on current understanding of 

the risks of occupational noise exposure, approaches to reduce the impact of noise exposure, and 

understanding how much progress has been made in recent years in the reduction of occupational 

noise exposure and in associated worker protections.   

To open the workshop, James Thompson reviewed the agenda and introduced members of 

the late George Malingôs and William Langôs families to talk about Georgeôs and Billôs roles as 

founders of this workshop series. TQA owes much to these pioneers for their groundbreaking 

contributions.   

 
1 ƘǧǇǎΥκκǿǿǿΦƴŀŜΦŜŘǳκнтромκ¢ŜŎƘƴƻƭƻƎȅπŦƻǊπŀπvǳƛŜǘŜǊπ!ƳŜǊƛŎŀ  
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Next, Alton Romig, executive officer of the National Academy of Engineering, welcomed 

meeting participants. His remarks were followed by a keynote presentation on the state of 

occupational noise exposure in the US. The presentation highlighted the fundamental finding that 

22 million Americans are still overexposed to noise every day in the workplace.   

Next, a series of presentations addressed the question ñAre workers being adequately 

protected from overexposure to occupational noise?ò These presentations included OSHAôs 

perspective on worker exposure and regulatory enforcement. The mechanisms of hearing loss 

and new medical research to protect worker hearing were also discussed.   

The next keynote presentation focused on surveillance of noise and occupational hearing 

loss in the United States. This presentation highlighted data showing that the problem of 

overexposure to noise is not limited to workers in heavy industry, but occurs in almost every 

industrial category, from accounting to real estate.   

The impact of worker noise overexposure on quality of life and the economy was the 

topic of the next set of presentations, which highlighted difficulties in assessing the economic 

impact and alternative models developed to understand the effects. One presentation discussed 

medical research definitively linking hearing loss and dementia, while another discussed the 

strong link between high-noise work environments and injuries and accidents.   

The next keynote presentation described models for the prevention of occupational noise 

induced hearing loss. Different methods of educating workers and the public about the risks and 

impact of noise overexposure were presented. This keynote was followed by presentations 

related to hearing protection devices. A major area of focus of these presentations was the 

demonstrated impact and importance of hearing fit testing and training. Data clearly demonstrate 

that improvements in protection at a level of tens of decibels is possible with proper fit training. 

The next presentation in this segment focused on mechanisms to increase hearing protection 

usage. And the final presentation in this area described the status of engineering means to control 

noise emissions and exposure.   

The next set of presentations focused on controlling exposure from a regulatory 

standpoint. Current US regulations and current issues with respect to enforcement were 

described. An overview of international regulations related to hearing protection was also 

provided. The importance of fit testing was noted, and the possibility raised that fit testing and 

training may be included in some future international regulation(s).   

The final presentation in this group examined the use of dietary supplements to reduce the 

impact of noise overexposure and possibly reverse hearing loss. Certain substances show 

promise in this context, but it is early in the research cycle, and it may be a decade before the 

supplements could be implemented for human hearing improvement.    

A panel discussion toward the end of the workshop examined issues raised and 

recommended steps toward reducing worker risk and the impact of overexposure. Ideas on what 

needed to be done ranged from better education of the public to changes in regulations seen as 

outdated.   

To conclude the workshop, attendees discussed takeaways and potential approaches for 

increasing awareness of the issue of noise overexposure in the workplace and improving worker 

protections in this context. James Thompson closed the meeting by discussing meeting highlights 

and next steps in terms of preparing the workshop report.  
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Disclaimer  
  

The findings and conclusions in these presentations are those of the authors and do not 

necessarily represent the official position of their agencies, INCE-USA, I-INCE, or the National 

Academy of Engineering.  
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This opening session of the ñOccupational Noise Exposure: Risks and Controlsò workshop 

consisted of participant self-introductions by name and professional affiliation; brief remarks by 

workshop steering committee member James Thompson regarding the vision and goals for the 

workshop; and reflections from family members of the late George Maling and William Lang on 

the personal and professional achievements of these two visionary noise control engineers, 

whose photographs are included as Figure 2.1-1.  

  For starters following participant introductions, Thompson extended appreciation to his 

fellow workshop organizers Adnan Akay, Patricia Davies, Eric Ducharme, Gregg Fleming, 

Robert Hellweg, and Eric Wood. He also expressed his gratitude for the crucial organizational 

and technical support from the National Academy of Engineering and the academyôs Sherry 

Hunter, in particular.   

In terms of the vision for the meeting, Thompson noted that the workshop was designed 

to cover a broad range of expert viewpoints not limited to the engineering perspective.  As a 

workshop, the meeting represented an opportunity for not only passive listening and individual 

learning, but also for open, frank discussions and questions on the topic of occupational noise 

exposure. The workshop aimed to help develop practical recommendations to bolster the 

understanding of occupational noise exposure and the implementation of approaches for 

protecting employeesô hearing.   

This Technology for a Quieter America workshop focusing on occupational noise 

exposure was the 13th in the TQA series of workshops instituted by George Maling and William 

Lang. Thompson said, ñIt is important to recognize the extraordinary contributions of George and 

Bill in bringing this series into existence and setting the stage for what we are doing today.ò  

Next, Thompson opened the floor for remarks from Malingôs and Langôs family members 

in attendance. George Malingôs son Jeffrey spoke of his fatherôs significant contributions to test 

methods and standards during his many years working in IBMôs acoustics laboratory. Under 

tremendous pressure to finalize noise testing of mainframe computers as one of the last requisites 

for their sale, George worked tirelessly in the officeðand in his homeôs basementðto ensure the 

mainframe noise was reduced to the appropriate extent.   

But Georgeôs ñreal passion,ò his son stated: reaching as many people as possible, through 

whatever forums he couldðincluding the TQA conferencesðwith the simple but critical idea 

that noise is pollution. George would be proud, his son said, of the continuing focus on the risks 

from industrial sources of noiseðas pollution, and also as the cause of injury to people. ñIf the 

current workshop achieves its promise of helping to make workplaces quieter, it can play an 

important role in improving the lives of millions of people working in all types of occupations 

throughout the world,ò Jeffrey stated. He added that his father was very proud of his time at 

NAE, concluding his remarks by noting that this TQA workshop series was considered by his 

father to be a highlight of his career. ñHe would be thrilled to see the focus on protecting people 

from occupational noise exposure continuing in this way.ò  

William Langôs son Robert shared remarks next, expressing his thanks to the TQA 

steering committee and others ñfor continuing my dadôs passion and Georgeôs too. I know they 
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would both be so happy.ò His father continually worked alongside George Maling to plan and 

execute each workshop. As for a story that even those who knew him well might not be familiar 

with, Robert shared that, in looking through a wooden chest of his fatherôs after his passing, he 

found photographs of his father in Bermuda at about 8 years old. The pictures were from 1935, 

when a trip to Bermuda was a ñbig dealò given that it took more than a day to reach the island by 

boat. Among the pictures of this Bermuda trip was one with a person who looked familiar to 

Robert, with a note on the back confirming it was ñProfessor Einstein.ò In a snapshot of his 

fatherôs life that was new even to Robert, it seems that a young William Lang had met the 

eminent Albert Einstein!  

Georgeôs wife, Norah Maling, echoed that her late husband would be ñextraordinarily 

gratefulò that these TQA workshops were carrying on his work that meant so much to him. She 

recalled the privilege for both her and her husband of traveling to the NAEôs Keck Center each 

year in support of the academyôs important mission of protecting the nationôs welfare through 

engineering and technology.   

James Thompson concluded the introductory session by highlighting Norah Malingôs own 

contributions to the noise control community. She had provided invaluable support over the 

years, he stated, by taking on tasks such as registering attendees at noise control conferences and 

stepping up in whatever additional ways could help.     

  

  
  
  
  

   
  

Figure 2.1-1     George and Norah Maling                                           William and Asta Lang  
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Alton Romig, executive officer of the NAE, welcomed ñOccupational Noise Exposure: Risks and 

Controlsò workshop participants to the two-day meeting. In his opening remarks, Romig shared 

his perspective on the challenges related to noise in the workplace and its consequences for 

workers.  

In private industry and elsewhere, Romig noted, workers are exposed to a great deal of 

noise, and the speaker himself has been no exception. He experiences tinnitus following a long 

career that began as an intern working in a steel millôs open-hearth shop, where he was exposed 

to supersonic oxygen lances and dynamite used to create tap holes for pouring steel into molds.    

Later, while employed at Sandia National Laboratories, Romig was exposed to noise from 

large machines, rocket sleds, explosions, and the extreme noise around airports where weapons 

were being tested. During that era, full-time workers at the site may have worn ear protection, 

but those whoðlike many engineersðwere on-site for periods of minutes or hours at a time did 

not. Even if it was available, ñthe macho thing to do back then, in the ô70s and ô80s, was to not 

wear hearing protection.ò After a move to the Lockheed Martin Skunk WorksÈ, he was exposed 

to the sounds of military jet engines, although by then ear protection was the norm.  

  Over years of exposure, high levels of workplace noise often lead to hearing loss and also 

tinnitus, and the latter condition makes the topic of workplace noise exposure ñquite personal,ò 

Romig stated. After briefly recounting his own experience with this issue, the NAE executive 

officer recognized that a wide range of careers expose workers to potentially health-harming 

noise levels. ñThe sounds you hear in the construction business, steelmaking, aircraft 

manufacturing, automobile manufacturing, petrochemical refining, and other industries are all 

different, but can all cause damage.ò  

  One thing that has become clear over the last few decades is that wearing hearing 

protection is very importantðeven for short periods, as hearing damage occurs cumulatively. 

The ñOccupational Noise Exposureò workshop is designed to share such lessons learned while 

highlighting gaps in understanding that require attention.   

ñSo, I hope you take this opportunity to listen and learn, network and dialogue with your 

colleagues, and take back some lessons learned that may help protect your own hearing and that 

of your colleagues and others in the workforce.ò  
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wƛŎƘŀǊŘ bŜƛǘȊŜƭτ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛŎƘƛƎŀƴ   

  
Occupational noise exposure is ubiquitous and associated with noise-induced hearing loss as 

well as various other consequential health risks. While regulatory agencies such as the 

Occupational Safety and Health Administration (OSHA) and the Mine Safety and Health 

Administration (MSHA) have rules in place toward limiting workplace noise exposure, 

additional attention is warranted for the protection of US workers. Some companies have their 

own, stricter protections in place for their employees, and research is ongoing toward improving 

the understanding and management of noise exposure and its health implications.     

  

The University of Michiganôs Richard Neitzel presented a keynote address overviewing the state 

of occupational noise exposure in the United Statesða ñubiquitousò exposure in the US and 

globally. Regulations are largely obsolete and insufficient to protect worker health. In contrast to 

many other occupational hazards, noise receives little emphasis and is rarely the focus of 

compliance efforts by occupational safety and health agencies.   

  Noise warrants additional attention. Clearly, this is necessary for the prevention of 

occupational noise-induced hearing loss, which may be the most common occupational illness. 

But hearing loss may be just the ñtip of the icebergò in terms of the public health burden from 

noise, given the large body of literature linking occupational noise with additional conditions 

such as workplace stress, tinnitus, risk of injury, cognitive impacts, and major causes of US 

morbidity and mortality such as cardiovascular disease, including high blood pressure, heart 

attacks, and strokes. A litany of other conditions, including acoustic neuroma, diabetes, vestibular 

impacts, and reproductive outcomes, are also possibly linked to noise.   

A ñthermometerò of sound levels from some common sounds is shown in Figure 4.1. The 

risk of hearing loss begins at 70 A-weighted decibels, dB(A), which is roughly the sound level 

from classroom chatter. The European Union (EU) begins to regulate occupational noise at 80 

dB(A)ðroughly as loud as a freight train at a distance of 100 feetðwhile OSHA sets its action 

level, at which certain steps must be taken to protect workers, at 85 dB(A) (the level of noise 

from a blender). The OSHA permissible exposure limit (PEL)ï the regulatory limit for noise ï is 

90 dB(A), which it compares to the noise from a boiler room. This PEL ñis quite noisyðperhaps 

as loud as a gas-powered lawn mower from about three feet away.ò  

The foundation of noise exposure assessment methods is the equivalent continuous 

average noise exposure level, or LAeq which offers a useful metric for predicting risk of chronic 

health effects by accounting for noise fluctuations over time. To accurately estimate peopleôs 

noise exposures, the three primary considerations are intensity, repetition, and durationðthat is, 

how much noise there is, how often the exposures occur, and for how long, 

respectively.   

A comparison of several occupational limits on noise is presented in Figure 

4.2, in terms of allowable time of exposure at particular sound pressure levels. It is 
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worth highlighting that OSHAôs and MSHAôs legally enforceable rules represent a bare minimum 

requirement for employer compliance, as compared to organizations such as NIOSH and ACGIH 

(the American Conference of Governmental Industrial Hygienists), which make more health-

protective recommendations that lack the same force of law. As an example of these different 

noise exposure limits, Figure 4.2 reflects that the OSHA/MSHA regulations limit exposure at 100 

dB(A) to two hours, while NIOSH and ACGIH recommend an exposure time of only 15 minutes 

at this 100 dB(A) sound pressure level. An important practical outcome of these differences is the 

excess risk of noise-induced hearing loss associated with the 85 and 90 dB(A) exposure limits. 

For an 85 dB(A) limit, like that recommended by NIOSH and ACGIH, less than one in ten 

workers exposed at that level for a 40-year career would suffer noise-induced hearing loss, while 

for the 90 dB(A) limit enforced by OSHA and MSHA, as many as one in three workers would 

experience noise-induced hearing loss.  

About 20 to 25 million US workers are exposed to hazardous levels of workplace noise 

(that is, higher than 85 dB(A)), according to NIOSH, and about a quarter of US workers have a 

history of high occupational noise exposure. Where workers are exposed to noise levels below 

100 dB(A), OSHA and MSHA have allowed employers to provide personal protective equipment 

and hearing conservation programs to protect workers in lieu of implementing noise controls 

(i.e., physical or administrative changes to the workplace). This option reduces the governmentôs 

inspection burden and paints a picture of effective enforcement.   

Neitzel noted that his team at the University of Michigan created the noise Job Exposure 

Matrix (NoiseJEM) tool in the US and Canada, which gives access to noise exposure data to the 

general public, industrial hygienists, and occupational health and safety practitioners. NoiseJEM 

is publicly available at https://noisejem.sph.umich.edu/. Figure 4.3 shows the average time- 

weighted average (TWA) measurements in the US in the time period spanning roughly from 

early 1983 to 2023. Figure 4.3 shows a general reduction in levels after OSHA established the 

Hearing Conservation Amendment in 1983 and after MSHA completely revised its noise 

exposure limit in 2000.   

In discussing protective factors, Neitzel pointed out that noise control procedures are not 

heavily emphasized in the US, especially in workplaces. Their implementation is the exception, 

not the rule. (See Figure 4.4.) And as a result, we have a heavy reliance on hearing protectors, 

which can work very effectively, but as a long-term strategy are generally viewed as 

unsustainable.  

Moving forward, research is being undertaken toward improving noise exposure 

assessment and in other areas. Some studies are examining the potential for improved assessment 

through increased fit testing to account for hearing protector attenuation, continued 

miniaturization of dosimeters, and the use of smartphones and associated apps.   

One example of such research is the Apple Hearing Study, a longitudinal cohort study 

with more than 185,000 participants that is being led by Neitzel at the University of Michigan. 

Launched in 2019, the registered clinical trial represents a crowd-sourced data collection effort to 

shed light on the relationship between two types of noise exposures (headphone exposures and 

environmental exposures) and hearing health.   

Among the preliminary findings of the Apple Hearing Study, researchers observed a 

notable drop in noise exposure during the Covid pandemic lockdowns. ñThe study signaled that, 

when people change their behaviors, the country gets quieter. The findings suggest that major 

national-scale changes are possible toward improving hearing health.ò   

https://noisejem.sph.umich.edu/
https://noisejem.sph.umich.edu/
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Neitzel took questions from attendees following his presentation. One participant asked if 

there were any discussions within the government about lowering allowable noise exposure 

limits. Neitzel responded that he was not aware of any such discussions since the early 2000s, 

noting that current limits are designed to be protective only against noise-induced hearing loss, 

and not against other effects such as cardiovascular disease. Another participant said she was 

likewise unaware of any noise standard revision efforts.     

A third person asked about the OSHA limit for impulsive or impact noise of 140 dB(A) 

peak sound pressure level used in other standards and the importance of impulsive noise. Neitzel 

replied that current instrumentation could go beyond 140 dB(A) impulse measurements. He 

noted that this represents another opportunity to update the standards.   

Another participant asked whether hearing loss is a leading indicator of other effects of 

noise or if a cause-and-effect relationship has been established between noise and other impacts. 

Neitzel replied that considerable evidence points to a cause-and-effect relationship between noise 

and cardiovascular disease, specifying that, using Bradford Hill causation criteria, this 

connection was well demonstrated for both environmental and occupational exposures.   

Someone asked if Neitzel could describe the life cycle of a citationðwhat happens 

following a citation? The presenter noted that OSHA is allowed six months for investigation 

following the citation. Sometimes there are negotiations to modify the citation. There can also be 

appeals made by those cited. On a related note, Neitzel pointed out that noise is not a common 

subject of inspection, with other issues given priority, and that financial penalties are generally 

low for noise-related citations.  

  

  
  

Figure 4.1   Typical sound levels and regulatory limits for occupational noise  
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Figure 4.2   Comparison of occupational limits and allowable exposure time  

 

Figure 4.3   OSHA and MSHA TWA noise levels in the US from 1983 to 2023  
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Figure 4.4. What about protective factors for occupational noise?  
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In its worker protection mission, the Occupational Safety and Health Administration (OSHA) sets 

and enforces occupational safety and health standards including those for noise exposure 

hazards. OSHA compliance data shed light on decades of violations, as well as the extent of 

worker hearing loss. A consideration of commonly violated standards may help point the way to 

effective, feasible technologies to better protect worker hearing.    

  

In this presentation on the general topic of whether workers are being adequately protected 

against overexposure to occupational noise, Melanie Hayes, a nurse practitioner with OSHA, 

spoke about the status of worker exposure.     

  OSHAôs mission is to save lives, prevent injuries, and protect the health of Americaôs 

workers. The agency accomplishes this in various ways, such as through training, education, and 

outreach, through alliance programs that support best practices in partnership with other 

organizations, and through standard setting and enforcement. As examples in the worker hearing 

context, a few years ago OSHA partnered with the Centers for Disease Control and Prevention 

(CDC) and the National Hearing Conservation Association (NHCA) on a best practice bulletin 

about the benefits of hearing protector fit testing. Currently, OSHA has a formal alliance with the 

Council for Accreditation in Occupational Hearing Conservation (CAOHC) to improve noise 

exposure management.   

The Occupational Safety and Health Act authorized the Secretary of Labor to set and 

enforce mandatory occupational safety and health standards. The most relevant regulations in the 

current context are 29 CFR 1910.95, the general industry standard for occupational noise 

exposure, and 29 CFR 1926.52, which applies to employee noise exposure in the construction 

sector. In addition, OSHA clarifies the recordkeeping requirements in 29 CFR 1904.  

The general industry noise standard (29 CFR 1910.95) sets an 85 dB(A) action level. It means 

that, when noise exposure equals or exceeds 85 dB(A) time-weighted average (TWA), employers 

must implement a comprehensive hearing conservation program. That is, they must provide 

hearing protectors, train workers on using them properly, and comply with all regulatory 

requirements of the noise standard.  

  This presentation discussed various studies associated with occupational noise exposure 

standards. Citations are provided in Figure 5.1.  

   Published data from the Bureau of Labor Statistics (BLS) shed light on the extent of 

hearing loss in private industry over a recent decade (2009ï2019). As reflected in the BLS data 

in Figure 5.2, numbers remained relatively steady, with nearly 20,000 workers reporting work 

related hearing loss each year, from 2009-2014. Despite a 25 percent drop in occupational 

hearing loss cases over the 10-year period, 15,000 workers reported hearing loss in 2019ðstill a 

large population facing hearing loss each year, with all its potential health, quality-of-life, and 

economic effects.   

  Among these reported cases of hearing loss within private industry, 76 percent were in 

manufacturing. And within this manufacturing group, about  
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18 percent of those with hearing loss worked in transportation, 17 percent in food 

manufacturing, 13 percent in fabricated metal products, 8 percent in wood products, and 7 

percent in machinery manufacturing.   

  The large military population is also vulnerable to hearing loss. A 2016 study by Alamgir 

and colleagues found that, in 2012, 1.8 million Veterans Affairs (VA) disability claims for 

hearing loss amounted to $1.2 billion in claims. Between fiscal years 2015 and 2019, more than a 

million claims were made per year for hearing loss. And in 2019, the VA reported 3.4 million 

claims between hearing loss and tinnitus (which often occurs as a precursor to, or simultaneously 

with, hearing loss). Among the VA disability claims made for the top 10 conditions, one-third 

were for hearing loss or tinnitus.  

Older data (from Middendorf, 2004) documented that 90 percent of the OSHA noise 

exposure data came from manufacturing industries. Noise exposures showed a downward trend 

from 1979 to 1999. While the studied OSHA database has the benefit of being a nationwide 

record of noise levels, samples are skewed toward high-noise industries and highly exposed 

workers because OSHA focuses on noisy workplaces as it conducts its compliance work. 

Additionally, OSHA databases are inherently limited to those employers and industries that fall 

under OSHAôs jurisdiction; thus, workers not covered under OSHA standardsðe.g., those 

working for certain small employers or in nuclear power or miningðare not included in the data.  

Saylor et al. (2013) extended that work to the year 2013 and showed that manufacturing 

still accounted for the large majority of OSHAôs noise exposure measurements. About 33 percent 

of the measurements exceeded the agencyôs permissible exposure limit, and about 78 percent 

exceeded the action limit. Among non-manufacturing industries, agriculture, forestry, mining, 

and oil and gas extraction were found, not surprisingly, to have particularly high noise levels.   

In an examination of OSHA noise violations from 1972 (soon after the noise standard was 

promulgated) to 2019, Park et. al., found the most common violations under the standard were 

the lack of adequate hearing conservation programs, and lack of adequate engineering controls 

and administrative controls. These common violations have trended downward since 1984.   

More recent data suggest that over half of the inspections and violations in the 1979ï 

2017 time frame occurred in the construction industry, though levels also remained a concern in 

the manufacturing, wholesale trade, and transportation/warehousing sectors. Violations of the 

occupational noise exposure standards in general industry (29 CFR 1910.95) and construction 

(29 CFR 1926.52), hearing protection in construction (29 CFR 1926.101), and recording criteria 

for cases involving hearing loss (29 CFR 1904.10) remained common. Where noise violations 

were found, violations of other OSHA standards such as those associated with chemical or 

airborne hazards, fire or explosive hazards, and hazardous machinery were also often observed.   

 Do solutions exist within or beyond the noise control engineering realm that can reduce the 

impact of noise overexposure? A look at the top 10 violations of the noise standards that resulted 

in citations in recent years may inform the answer. Consideration of these violations revealed 

opportunities in five primary areas: comprehensive hearing conservation programs, training 

(hearing protector fit testing, innovative and interactive tools), audiometric testing 

(baseline/annual audiograms), monitoring programs, and feasible engineering and administrative 

controls.  
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  Opportunities for improvement include:  

  

Å Create better hearing protectors. Goals include making them easy to use and ensuring 

they optimally cancel unwanted noise while allowing wearers to hear important sounds, 

such as fire alarms.   

Å Develop innovative training tools. These tools would improve peopleôs understanding of 

the importance of hearing protection. As younger workers enter the work force, for  

example, could apps or video games help inform them about the importance of protecting 

their hearing and how to use their hearing protectors properly?   

Å Develop cost-effective engineering controls that are easy to implement.  During the 

discussion period, a question arose regarding OSHA citations and the feasibility of 

implementing engineering controls as corrective action. According to the noise standard, 

OSHA representatives compare the costs between incorporation of an effective hearing 

conservation program and integration of engineering controls to address a noise issue. 

Frequently, this cost comparison results in a requirement for a hearing conservation 

program and the use of hearing protectors (the least effective protection in the hierarchy 

of worker exposure protections) over engineering controlsðparticularly for smaller 

employers. Developing engineering controls that are both efficient in reducing noise 

levels in the workplace and are cost-effective would provide a legitimate 

counterargument to an employerôs assertion that engineering controls are not financially 

feasible.   

  

In closing, Hayes reminded participants that technology to reduce noise exposures should be 

focused on all workers exposed to hazardous noise, not just those covered by OSHA standards. 

To develop technological solutions, developers must have a comprehensive understanding of the 

variety of workplace noise hazard exposures and current barriers (e.g., those related to economic, 

design, and human factors) that prevent adequate noise protection. Only then can technology 

development move forward to better protect workers.   
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Figure 5.1  Studies associated with occupational noise exposure standards   

  

  

  

  

  

  

Figure 5.2   BLS statistics: Hearing loss data in private industry  
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5ŀǾƛŘ .ȅǊƴŜ όƻƴ ōŜƘŀƭŦ ƻŦ /ƘǊƛǎǘŀ ¢ƘŜƳŀƴƴύτbLh{I  

  

Despite the long history of audiology research and workplace hearing conservation efforts, 

challenges remain when it comes to measuring and managing hearing loss. Assorted engineering 

solutions offer promise for addressing the lingering barriers to protecting workersô hearing.   

  

David Byrne, with the National Institute for Occupational Safety and Health (NIOSH), discussed 

occupational noise exposure considerations and challenges on behalf of research audiologist 

Christa Themann, a NIOSH colleague who prepared the presentation. While the information is 

rooted in a non-engineering perspective, engineering is at the heart of some promising solutions 

to the discussed challenges.   

  Noise has long been recognized as a hazard. Industrialization in the 1800s made the noise 

problem much more widespread and spiked the incidence of noise-induced hearing loss. By the 

end of World War II, technology to quantify noise and its effects enabled a better understanding 

of the high prevalence of hearing loss among veterans of the war. In the United States, 

regulations were first established in the military context. The Walsh-Healey Act of 1969 and the 

1970 Occupational Safety and Health Act extended the reach of noise regulation to industry 

generally.   

  Extensive research has been undertaken in the area of noise. For more than 50 years, 

NIOSH has studied the characterization and effects of noise, best practices for hearing loss 

prevention programs, noise control solutions, hearing protector effectiveness, exposure 

monitoring, and the prevalence of hearing loss. Much progress has been made in understanding 

noise, its effects, and approaches to prevention.  

  Still, workers in all industries are at risk of hearing loss. About 22 million US workers are 

exposed to hazardous noise levels, and over half of self-reported hearing difficulty among 

workers can be attributed to workplace noise. Among the challenges associated with reducing 

excessive noise exposure, five are particularly amenable to engineering solutions: the variable 

nature of occupational noise, inadequate measures of hearing risk, underemphasis on noise 

control, over-reliance on hearing protection, and cultural acceptance of loud sound.  

  

Challenge 1: Variable Nature of Occupational Noise  

   

Occupational noise exposures are highly variable. Noise can differ in intensity, spectrum, 

intermittency, and impulsiveness. Historically, however, noise has been characterized primarily 

by level. Sounds with the same A-weighted decibel level can differ significantly across other 

parameters and pose very different levels of hazard. Also, people exposed to a certain level of 

noise can experience the noise very differently depending on the environment, industry, and 

other circumstances.   

For example, current methods of calculating a daily time-weighted exposure would 

provide the same result for an employee exposed to a given level of noise for four hours during 

the first half of the shift and no noise during the second half as an employee 

whose noise exposure occurred in a one-hour-on, one-hour-off pattern 
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throughout the workday. The quiet periods for the latter employee, however, may have been 

protective, allowing the ear to recover between exposures. Similarly, impulse noise is known 

to cause greater hearing loss than the equivalent level of  

steady-state noise. Research is examining this phenomenon and how impulsive or complex noise 

(impulsive noise superimposed on a continuous background noise) might be adjusted to 

appropriately indicate the risk of exposure.  

Potential engineering solutions to the challenge of the variable nature of noise exposure 

could involve improving noise measurement techniques to characterize exposures more 

accurately and meaningfully developed. New development efforts would be needed to 

incorporate these improved measurement technologies in sound measurement equipment.  

  

Challenge 2: Inadequate Measures of Hearing Risk  

  

Hearing risk variesðnot just due to the variable nature of occupational noise, but also by 

individual characteristics such as sex, race/ethnicity, genetics, left/right ear, health status, risk 

behaviors, and comorbidities. Therefore, hearing loss outcomes for those exposed to the same 

average noise levels can vary widely.  

Pure-tone audiometry (the basic test of hearing sensitivity used to monitor worker 

hearing) is not sensitive to some types of early hearing damage. Research indicates that as many 

as 50 percent of auditory hair cells can be lost without seeing a measurable change in pure-tone 

audiometric thresholds. Workers often do not recognize that hearing damage has occurred. 

Nearly one in four US adults who report good or excellent hearing show audiometric ñnotchesò 

in testing, meaning they have hearing loss at the frequencies most commonly affected by noise 

exposure.  

Tests that involve more complex listening tasks (for example, understanding speech in 

noise) may be required to uncover early noise-caused damage. Even using threshold-based 

measures, more sensitive criteria could be used to identify changes in worker hearing. Studies 

show that the standard threshold shift criterion used by the Occupational Safety and Health 

Administration (i.e., change of 10 dB or more in the average threshold across 2000, 3000, and 

4000 Hz) misses approximately 30 percent of workers with hearing changes under the threshold 

shift criterion recommended by NIOSH (i.e., a shift of 15 dB or more at any frequency 

confirmed by a second test).   

  Engineering solutions may help address the shortcomings of current measurement 

approaches in the occupational context. These potential solutions include incorporating 

additional metrics in occupational audiometric test systems, and developing new systems for 

measuring potentially useful indicators of hearing risk.  

  

Challenge 3: Underemphasis on Noise Control  

  

The NIOSH hierarchy of controls (which ranks methods for controlling workplace exposures by 

their effectiveness) prioritizes hazard elimination or reduction. However, for decades, noise 

control solutions have been largely overlooked in the US due in part to a lack of regulatory 

enforcement as well as a misperception that noise controls are always complicated and 

expensive.    
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While noise control can sometimes be expensive or difficult, very simple, inexpensive 

solutions can sometimes reduce sound substantially. Winners of the ñSafe-in-Soundò award 

program provide great examples of simple controls making a dramatic difference in noise levels. 

For example, one winner built an enclosure around a noisy blower motor for around $600 and 

reduced the sound level by about 10 dB(A). Another company achieved a 16 dB(A) noise 

reduction by replacing hard plastic wheels on the metal carts used in its warehouse with rubber 

wheels.  

  Even better than engineering the noise out after-the-fact would be having a quiet process 

from the outset. NIOSH is promoting the ñBuy Quietò process, which encourages organizations 

to take noise into account in situations such as the opportunity to replace equipment. It may be 

less expensive, in the long run, to buy a quieter tool, given that it may also work better or last 

longer than the one with the lower price tag.  

Most occupational noise exposures in the US are 95 dB(A) or less. This means that most 

workplaces require only 10 dB(A) of noise reduction to reduce exposure to the NIOSH 

ñrecommended exposure limit,ò or REL.   

Engineering solutions are often straight forward for such small reductions. Noise control 

engineers should work to dispel the myth that noise control is necessarily complicated and 

expensive. User-friendly, accessible guidance on noise control solutions that can be readily 

implemented could encourage companies to consider basic noise reduction projects. In support of 

this concept, NIOSH has included some basic noise control examples on its updated website. 

Engineering expertise can also provide tools to assist companies in establishing Buy Quiet 

programs by advocating for noise-level labeling on equipment, compiling databases of 

machinery levels, and developing cost-benefit analysis tools that would enable companies to 

consider all costs associated with a purchase decision.  

  

Challenge 4: Over-Reliance on Hearing Protection  

  

An underemphasis on noise control leads to the next challenge that has impeded progress in 

occupational hearing loss prevention: an over-reliance on hearing protection. While hearing 

protection certainly can be effective at reducing noise exposure and preventing worker hearing 

loss, workers must wear hearing protection devices correctly and consistently, or they put 

themselves at risk from loud noise in the workplace. National studies indicate that many people 

do not wear their hearing protection when they should, as captured by the data in Figure 6.1.  To 

illustrate the risk to employees who fail to wear their hearing protection devices, Figure 6.2 

plots the loss of effective protection with increasing time periods during which the protective 

devices are not worn. For instance, a hearing protector with a noise reduction rating (NRR) of 

25 dB will lose nearly 8 dB of its labeled attenuation if not worn for 30 minutes out of an eight-

hour workday. The same protector will effectively provide only 5 dB of attenuation if worn for 

only half of an eight-hour work shift.   

A related problem is that the NRR is not a good predictor of the noise reduction workers 

receive from their hearing protection devices. Figure 6.3 shows the laboratory-derived NRR for 

various types of hearing protectors compared to the noise reduction of the same protectors in 

actual use by workers in the field. Across hearing device types, field attenuation is substantially 

lower than noise reduction achieved in the laboratory. And differences between the laboratory 

and field results are unpredictable. It is impossible to know how much noise reduction an 

https://safeinsound.us/
https://safeinsound.us/
https://safeinsound.us/
https://safeinsound.us/
https://safeinsound.us/
https://safeinsound.us/
https://safeinsound.us/
https://www.cdc.gov/niosh/noise/prevent/engineering.html?CDC_AAref_Val=https://www.cdc.gov/niosh/topics/noise/preventoccunoise/implement.html
https://www.cdc.gov/niosh/noise/prevent/engineering.html?CDC_AAref_Val=https://www.cdc.gov/niosh/topics/noise/preventoccunoise/implement.html
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individual worker is getting from a hearing protector without individual fit testing of the device.  

 Promising engineering solutions to address the challenges associated with hearing protection 

include the continuing development of innovative hearing protector fit testing approaches, with a 

focus on overcoming barriers to implementation. In addition, development of other technologies 

that measure protected noise exposures of individual workers would help ensure that each worker 

is appropriately protected from noise. Several commercially protected noise exposure monitoring 

technologies are available, but they are expensive and not currently amenable to widespread use.  

  

  

  

Challenge 5: Cultural Acceptance of Loud Sound  

  

The final challenge discussed in the presentation was the cultural acceptance of loud noise. Noise 

is an integral part of many hobbies and celebrations; this can be fine in moderation, but the 

cultural acceptability of loud noise outside the workplace makes it difficult to create a sense of 

urgency for reducing noise inside the workplace. Cultural cues, such as ñLoudest Stadium in the 

Worldò contests at football games, may be encouraging people to accept high levels of noise in 

daily life, including in their workplaces. And sometimes, overall noise exposure is 

underestimated when non-work exposures are not given sufficient consideration alongside 

occupational exposures.  

  Possible engineering solutions with respect to cultural acceptance of noise include 

developing innovative tools to raise awareness of noise levels, in and out of the workplace; and 

empowering individuals to monitor their personal noise exposures and understand the 

effectiveness of protective options.   

  

The presentation concluded with a message of responsibility for workshop participants: ñNo 

matter what part of hearing conservation we work inðwhether weôre on the hearing loss side or 

the noise control engineering sideðI think it is all of our jobs to increase public awareness of the 

impact of hearing loss on quality of life.ò  

Following the presentation, attendees presented questions and comments. One person 

raised the issue of ñoutput-limitingò technologies that control noise level, and the related World 

Health Organizationôs ñMake Listening Safeò hearing protection initiative, as international 

efforts with promise. Another attendee highlighted that, while dB(A) is a conventionally used 

metric, it may not represent the best measure of noise when it comes to predicting risk of hearing 

loss and other health effects. New technology could support the use of multiple weighted 

measurements, including dB(A) and dB(C), to better understand the health impacts of exposure 

to noises with different frequency spectra. A third participant noted that, while there is a degree 

of understanding of sound characteristics such as frequency and how they affect peopleôs noise 

perception and annoyance, more must be learned about the health effects of sounds with varying 

attributes.  
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Figure 6.1  Individuals often fail to wear hearing protection, in and out of the workplace.   

Data from the National Health Interview Survey, 2014.  

  

  

 
  
Figure 6.2  Example of decreased protection effectiveness with increasing time not wearing a hearing protection  

device  
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Figure 6.3  Comparison of noise reduction prediction by a hearing protectorôs labeled NRR and noise reduction 

obtained in the field  
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While the focus in terms of the auditory system is commonly placed on the peripheral aspects, the 

ascending auditory pathway and descending pathways can also play a role in auditory 

complications. Hazards that can damage the auditory system can occur in the outer, middle, and 

inner ear, as well as the central nervous system. Reduced audibility can compromise 

performance and lead to consequential problems in daily life, and research into hearing loss and 

the associated brain disorder tinnitus can elucidate the conditionsô causes and identify targets for 

treatment and prevention.  

  
Gregory Flamme, with Stephenson and Stephenson Research and Consulting (SASRAC), shared 

his expertise about the causes and effects of hearing loss. After briefly discussing the auditory 

systemðmany components of which can play a role in hearing lossðthe speaker discussed 

known and suspected hazards that can damage the auditory system and some effects of hearing 

loss in daily life.    

  A simplified representation of the auditory system is provided in Figure 7.1. Nerves 

go from this system into the brain.  In basic terms, the peripheral auditory system is made up 

of the:  

  

Å Outer ear (from the pinna to the eardrum)  

Å Middle ear (from the eardrum to the entrance to the cochlear, including the middle ear 

bones). Muscles are contained here, too, along with a ñventilationò process through the 

eustachian tube. Ear infections, inflammation issues, and upper respiratory conditions can 

have an impact here  Inner ear (the cochlear vestibular system).   

  

The focus when it comes to the auditory system is often on the peripheral side, but the ascending 

auditory pathway is important for transmitting auditory information from the inner ear to the 

brainôs primary auditory cortex and can likewise affect hearing. Descending pathways, too, are 

important in the brainôs structure and can play a role, like the ascending pathway, in auditory 

complications.   

  Hazards to hearing can occur in the outer, middle, and inner ear alike. Significant 

examples of hazards occurring within the outer and middle ear are listed in Figure 7.1, with a 

simplified illustration of the auditory system. Hazards associated with the inner ear are outlined 

and illustrated in Figures 7.2, and 7.3.   

Outer ear trauma can come in the form of soft tissue damage or damage to the bony 

section of the ear canal. Developmental changes can happen embryologically when the pinna or 

the ear canal fails to fully develop.   

In the middle ear, trauma can play a role, as can fluid that fills a space meant to contain air and 

therefore interferes with the transduction of energy. The middle ear is focused on bringing sound 

energy in the 1000 to 4000 hertz range into and through the                    SASRAC  
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cochlea, and interference with this sound transduction flattens out the resonance and affects a 

personôs hearing sensitivity. In terms of infection, changes that can result are not limited to acute 

issues; long-term changes can lead to lasting hearing problems. And long-running middle ear 

infections may work their way into the inner ear and impact high-frequency hearing.  

The inner ear is the most complicated aspect of the sensory system. A chemical imbalance 

can change the ñbatteryò that runs the inner ear and can substantially damage hearing. Additional 

issues that can occur in the inner ear include:   

  

Å Fluid pressure disturbance (such as in M®ni¯reôs disease). This type of disturbance can 

detrimentally affect the performance of the stria vascularis, the capillary bed responsible 

for maintaining the electrical charge that drives hearing sensitivity.  

Å Mechanical strain. Tissues inside the inner ear can be stretched to the point where they 

rupture or sustain permanent damage.   

Å Sensory cell disorders. Interference with outer or inner hair cells can lead to impaired 

hearing. For example, with increasing amounts of sound, the outer hair cellsô nutrient 

demands increase and eventually the cells become excitotoxic. Hearing loss can result 

from the metabolic stress and ultimately damage can result to a cell and then across 

multiple cells. Another example: Ototoxic exposures can interfere with inner hair cells, 

which are responsible for taking signals amplified by the outer hair cells and delivering 

them into the brain through an electrochemical process.     

  

The blood supply to the cochlea is delivered by blood vessels that are small given the common 

levels of sound today, leading to excitotoxic issues. This represents a target for new prevention 

and treatment strategies for hearing loss.   

  Research into noise exposure in daily life, including a 2015 study by the speaker, 

indicates that about 70 percent of those not exposed to high levels of occupational noise exceed 

an 8-hour average sound level LAeq of 75 dB(A) (which is an auditory injury threshold), as 

shown in Figure 7.4. About 90 percent of those exposed to higher levels of occupational noise 

exceed 75 dB(A). There is about a 5 to 7 dB(A) difference at 75 dB(A) to those exposed to high 

levels of occupational noise. If the goal is to reduce the amount of noise exposure and the 

consequences of noise exposure in the population, then reducing occupational exposures by 5 or 

6 dB may be achievable.    

  Continuing with the examination of hazards to the inner ear, Figure 7.5 lists additional 

examples such as disordered transduction between the inner hair cell and the auditory nerve. 

Research in the area of cochlear synaptopathy suggests that when an ear is overexposed to noise, 

the connection between the inner ear and the auditory nerve can be lost. Understanding and 

addressing this issue presents additional opportunities for research over the longer term.    Figure 

7.5 also addresses hazards focused on the central nervous system, with synchrony of neural 

firing (that is, avoiding neuropathy) as important for the auditory system. Reduced neuron 

insulation (changes to myelin) and ñcross-talkò between systems are additional problems in this 

area.   

Another category of hazard is blunt-force injuries, such as those in the military context 

from blast-induced head injury. Traumatic brain injuries can change how the auditory system 

works by interfering with communication within this system and among other systems with 
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auditory involvement. These disturbances can lead to tinnitus. And skull fractures are another 

problem, naturally, given the earsô and brainôs locations in the skull.  

  Discussing the effects of hearing loss next, reduced audibility (reduced difference 

between the signal one intends to hear and oneôs hearing sensitivity, or the ambient noise that 

might be masking the signal) represents a significant impact. Figure 7.6 addresses reduced 

audibility and how performance may be compromised. In the case of someone who has the 

minimum audible fieldðthat is, a 0 dB hearing thresholdðthe threshold can be reduced by 10 to 

20 dB without significantly impacting the audibility of the signals in these environments at these 

frequencies. But at higher hearing thresholds, access to the information is lost. Masking will 

interfere with important frequencies, and sound recognition and spatial hearing problems can 

result. Vertical plane cues arise almost exclusively at short wavelengths, above 6 kHz. Horizontal 

plane cues are based on time and level differences.  

  These types of reductions in audibility can also lead to problems in peopleôs daily lives. 

Baseline self-reports of hearing problems stand at about 13 percent regardless of hearing status, 

possibly due to noisy environments in todayôs world that naturally interfere with communication.  

Literature shows that an audiogram, on its own, will not helpfully indicate problem frequencies. 

Some rules that depend on age group and associated prevalence of hearing trouble in the 

population have a positive predictive value of greater than 0.5.    

  Beyond the cochlea, degraded information can reach the central auditory system. These 

cases will typically correspond with very high levels of temporary threshold shift.   

 Tinnitusðimportantly, a brain disorder rather than an ear disorderðhas many causal factors, 

with potential mechanisms including maladaptive plasticity. This and additional possible 

mechanisms that may be associated with tinnitusðinflammation, cross-talk in the central system, 

and nonauditory system issuesðare outlined in Figure 7.7.   

  Classification of tinnitus is another intricate issue. The health issue can be episodic, 

temporary, occasional, intermittent, constant, acute, or chronic, for a few examples. Whether a 

personôs tinnitus is ñbothersomeò to them is important to characterize and depends on the 

definition used for the word.  

  In conclusion, the presenter said of the effects of noise on peopleôs daily lives, it may not 

be possible to entirely eliminate them but perhaps they can be rendered unnoticeable.    
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Figure 7.1  Simplified representation of the auditory system and associated hazards  

  

 
  

Figure 7.2  Some hazards to auditory system involving the inner ear  
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Figure 7.3 Additional hazards to auditory system involving the inner ear  

  

 

  

  

  
  

Figure 7.4   Noise exposures in daily life   



оо  

  

 

Figure 7.5  Examples of inner ear-related and central nervous system hazards  

  

   
  

  
  

  

Figure 7.6    Some   e ffects of hearing loss   
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Figure 7.7   Tinnitus: A complicated brain disorder in need of further research  
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Drug interventions, and increasingly gene therapy, are among the approaches being researched 

toward preventing hearing loss and restoring hearing. Scientific study is supported by the new 

understanding that hair cell death can occur over a window of time. Various antioxidants have 

shown promise, in animal and human studies, for reducing threshold shift. But much work 

remains to be doneðin reaching beyond the audiogram to effectively measure noise impacts, for 

example, and improving approaches for studying conditions such as tinnitus and hearing-innoise 

deficits.   

  

Building on the prior presentation about the causes and effects of hearing loss, Colleen Le Prell, 

with the University of Texas, focused on the kinds of drug interventions being studied for hearing 

loss prevention and hearing restoration. Le Prell, a professor of hearing science at her university, 

is also coinventor on patents owned by the University of Michigan in this area and a researcher 

with funding from the industry and government sectors.   

  Many employees are covered by regulations designed to protect their hearing in the 

workplace, yet noise-related hearing damage is still very common. Le Prell conducts research not 

to replace hearing protection devices (HPDs), but rather to develop additional options to 

safeguard hearing, including when noise-exposed workers are not wearing their HPDs or when 

HPDs do not provide sufficient attenuation for those with exposure to extended durations of high 

levels of noise.   

  Labs worldwide have made tremendous progress in identifying what causes auditory hair 

cells to die, raising the promise of new pharmaceuticals that target the cell death pathways at 

biologically therapeutic levels to head off hearing loss. Diverse drugs, as well as combination 

therapies, are being investigated for their potential to prevent hearing loss. And gene therapy for 

the inner earðstudied for some time in the animal domainðis currently being researched in 

humans as well.  

  Challenges to clinical trials loom large and include, at the most basic level, finding a 

consensus among researchers on the definition of clinically significant hearing loss. The hearing 

loss landscape has long been devoid of an FDA-approved drug product for any indication; this 

changed with the approval of the drug Pedmark, albeit for the very narrow indication of 

preventing hearing loss in children with localized (non-metastatic) cancer who receive the 

chemotherapy drug cisplatin.   

  Some basics of noise-induced pathology are summarized in Figure 8.1. The presentation 

focused on three cells:  

  

Å Hair cells. These cochlear amplifier cells, circled in blue in the figure, provide about 40 

dB of threshold sensitivity. When these are damaged, the ability to detect quieter sounds 

is lost. (Data is based on the presence or absence of hair cell bodies rather than whether 

the stereocilia are broken, as hair cell death is more apparent.)  

Å Stereocilia. Located at the tops of the hair cells, as marked by 

the figureôs purple circle, these stereocilia are highly 
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vulnerable to noise injury, aging, and ototoxic drugs. When the stereocilia are not 

functioning, they will fail to bend back  

and forth appropriately to allow the critically important potassium chemical ions to enter 

the cells.   

Å Inner hair cells and auditory nerve. The synaptic connections between the inner hair cells 

and the auditory nerve, shown within the red circle, are extremely vulnerable to aging and 

have also been shown to be at risk for noise injury.  

  

Damage risk criteria are lacking for the point at which noise injury-associated risk begins in 

humans. Although there are damage risk criteria for material hearing loss, there are no such 

criteria for noise-induced tinnitus or difficulties understanding speech in noise. We do not know 

how much noise it takes to break the important synaptic connections and what are the functional 

consequences of this loss.  

  By way of introduction as to why drugs might work to combat hearing loss, science has 

revealed that hair cell death for many noise exposures can occur over the course of some one to 

14 days after the culprit noise has ceased. This concept is illustrated in the Figure 8.2 graphs. The 

current understanding of gradual damage to hearing contradicts the long-held assumption that 

loud sounds damage hair cells by mechanically tearing them apart. This would mean the damage 

is relatively immediate and preventing hearing damage would rely on stopping the noise from 

entering in the first place.  

Very high-level impulse noise can cause immediate cell damage by instantly tearing the 

membranes. In most cases, however, damage occurs with the progression of multiple 

biochemical cascades, including free radical formation inside the stria vascularis and outer hair 

cells within the cochlea, which results in oxidative stress and pathology associated with cell 

death.   

  Scientists are searching for therapeutic interventions with this new understanding that a 

window of opportunity exists for halting hair cell death. In one study by Yamashita et al, using a 

guinea pig model, two common antioxidantsðsalicylate and vitamin Eðwere able to decrease 

the amount of permanent threshold shift in these animals, with greater protection seen the earlier 

the antioxidant therapy was begun (from prior to noise exposure to five days after). The 

antioxidants did not completely protect against hair cell death and hearing loss, regardless of 

timing, and by five days after the noise, giving the antioxidants showed no benefit.   Labs 

around the world have worked with various antioxidants, as well as across molecules and agents, 

with a promising level of protection shown in some of this research. In humans, studies to date 

have been based on the clinical gold standard for measuring hearing loss, the audiogram. But the 

audiogram is not a reliable tool for many hearing deficits, including hearing-in-noise difficulties 

and tinnitus, and these types of common deficits are not well represented in clinical trials and 

lack standardization including in the area of damage risk criteria.   

  Hearing-in-noise deficits are among the most common complaints related to hearing, and 

they can occur even without hearing loss. Literature points to hearing-in-noise deficits occurring 

with either pathology of the outer hair cells or of the ascending neural pathway, which includes 

both the cochlear synaptic connections and the auditory nerve themselves.   
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  In one study, 2 Le Prell and colleagues collected information about young adults with 

normal hearing who attended recreational events deemed to be loud. In the study, whose design 

and findings are summarized in Figure 8.3, participants were asked a day after various 

recreational noise exposures to repeat back words, as the sound level of the words to be repeated 

back came progressively closer to the level of background chatter.   

Using the OSHA time-weighted average (TWA) (8-hour equivalent sound level) as an 

estimate for individual sound exposure, researchers found that people experienced significant 

deficits the day after the event, related to the amount of the previous dayôs sound exposure. As 

reflected in the data in Figure 8.4, the temporary hearing-in-noise deficits in this study emerged 

under the most difficult listening conditions.   

Importantly, the individuals did not have any audiometric threshold shifts when tested the 

day after exposure. And the hearing-in-noise deficits were not permanent, with everyone 

returning to baseline within a week.   

In the area of drug development, efforts to prevent audiometric threshold shifts or other 

kinds of changes have focused on outer-ear hair cell protection, with four main categories of 

agents being investigated so far: antioxidants, as previously discussed; glucocorticoids, which 

reduce inflammation; JNK inhibitors, which block ñdeath receptorò activation; and gene therapy, 

which drives development of new cells.   

Many companies are working to develop agents in the areas of otoprotection, 

regeneration, tinnitus reduction, central hearing disorders, and balance. An array of clinical 

trialsðsome funded by the National Institute of Health (NIH) or completed under the Food and 

Drug Administrationôs (FDAôs) investigational new drug (IND) review process and some notð 

can be found at ClinicalTrials.gov.   

The speaker recently conducted a review of the characteristics of clinical trials looking at 

investigational medicinal products for the inner ear.3 Figure 8.5 presents the endpoints of the nine 

trials reviewed. Of the nine studies focused on noise-induced hearing loss, seven used the 

audiogram as the primary outcome measure.   

Looking at drug-induced hearing loss (DIHL), sudden sensorineural hearing loss 

(SSNHL), or stable sensorineural hearing loss (SNHL) as can occur with aging, the audiogram is 

the primary measure. The audiogram-based measures for these drugs are not for threshold shift 

alone. They look at the percentage of individuals who meet significant ototoxic (hearing) change 

(SOC) criteria, the most common of which is the criteria from the American Speech-Language 

Hearing Association (ASHA). The ASHA SOC criteria include a 20 dB threshold shift at any one 

frequency, a 10 dB shift at any two adjacent frequencies, or loss of function at three consecutive 

frequencies where a response was obtained at baseline.   

Figure 8.6 presents studies considered in Le Prellôs review that were using endpoint 

measures other than the audiogram. The research found that very few clinical studies were 

looking at topics such as hearing-in-noise ability or tinnitus, or evoked potential amplitude for 

understanding the state of synapses.  

 
2 Grinn, S., Baker, J., Wiseman, K., and Le Prell, C. G.  Hidden hearing loss? No effect of common recreational noise 

exposure on cochlear nerve amplitude in humans. Frontiers in Neuroscience, 11:465  
3 Le Prell CG.  2021. Investigational medicinal products for the inner ear: Review of clinical trial characteristics in 

ClinicalTrials.gov.  J Am Acad Audiol, 32(10):670ï694  
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A 2016 study4 examined the supplement ACEMg (a combination of beta-carotene, 

vitamins C and E, and magnesium) for preventing temporary threshold shift (TTS). The 

researchers found no evidence of TTS protection, with an average threshold shift in both the 

treatment and placebo groups of about 4 dB.   

In contrast, a 2017 study5 of another antioxidant, ebselen, found a statistically  

significant, dose-dependent reduction in TTS from this substance. As summarized in Figure 8.7, 

the study found that the average hearing shift was almost eliminated with the 400 mg dose, 

according to audiogram measures, with less protection at higher and lower doses. And the rate of 

TTS > 10 dB was significantly reduced with all three of the drug doses tested, compared to 

placebo.  

Research into hearing loss prevention and hearing restoration remains fraught with 

challenges. With respect to tinnitus, for example, inconsistencies in the design of studies make it 

impossible to compare the efficacy of different studied agents. Gene therapy studies in the 

auditory system have been challenging, in part because of the complexity of the auditory 

epithelium. The interactions among a rich array of cell types present major hurdles to achieving 

the needed outer hair cell regeneration and ensuring the synapses are capable of carrying 

information forward. Neurotrophic factors are receiving attention for synaptic regeneration, with 

some animal data suggesting feasibility, but questions remain regarding how to measure whether 

synaptic regeneration results in clinically significant improvements in human participants since 

synapse loss does not cause threshold deficits.   

In conclusion, and despite important challenges, it is an ñexciting timeò as work is 

performed toward protecting people against the range of consequences of noise exposure, not 

limited to injuries apparent on the audiogram.   

During a follow-up discussion among workshop participants, one attendee emphasized 

that an obligation exists to prevent injurious noise exposures in the first place, even if effective 

noise injury treatments become available. Le Prell concurred, noting that protective agents 

should not be envisioned as substitutes for managing the noise itself, but rather as an extra tool 

given the shortcomings of current noise protection options.    

In response to a question from another workshop participant, the speaker clarified that, 

when NIOSH exposure criteria were considered (alongside the OSHA criteria) in the study of 

young adults who attended loud recreational events, the relationship was still observed between 

the extent of noise exposure and the magnitude of the deficit on the words-and-background-noise 

test.    

  

  

  

 
4 Le Prell CG, Fulbright A, Spankovich C, Griffiths S, Lobarinas E, Campbell KCM, Antonelli PJ, Green GE, Guire 

K, Miller JM. (2016). Dietary supplement comprised of ɓ-carotene, vitamin C, vitamin E, and magnesium: failure to 

prevent music-induced temporary threshold shift. Audiology & Neurotology EXTRA, 6: 20-39  
5 Kil J, Lobarinas E, Spankovich C, Griffiths SK, Antonelli PJ, Lynch ED, Le Prell CG. 2017. Safety and efficacy of 

ebselen for the prevention of noise-induced hearing loss: a randomised, double-blind, placebo-controlled, phase 2 

trial. Lancet. 390(10098):969-979  
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Figure 8.2   Noise-induced cell death occurs over time  

  

  

  
  

Figure 8.1    Noise - induced pathology    
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Figure 8.3  Temporary hearing-in-noise deficits the day after exposure that emerge at 85 dB(A) TWA  

 

Figure 8.4  Temporary hearing-in-noise deficits evident in most difficult listening conditions  
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Figure 8.5   Audiogram is most common endpoint in clinical trials for hearing loss prevention/hearing restoration  

  

  

 

Figure 8.6   Other endpoint measures rarely used in hearing loss prevention/hearing restoration clinical trials  
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Figure 8.7  Antioxidant ebselen found to significantly reduce TTS  
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The NIOSH criteria document on occupational noise exposure, published originally in 1972 and 

revised in 1998, was designed to help reduce the risk of developing hearing loss from 

occupational noise exposure. The 1998 document identified several areas in which additional 

research was needed to better understand risks and develop recommendations for protecting 

workers. Since then, NIOSH and the scientific community have conducted research addressing 

these and other areas, and have found that some recommendations require updates. NIOSH 

identified three main topic areas for priority considerationðhearing protector fit testing, 

improved age-adjustment tables, and assessment of complex noise exposuresðand gives ongoing 

consideration to which additional topics may have to be revisited.   

  

David Byrne, with the National Institute for Occupational Safety and Healthôs Division of Field 

Studies and Engineering, discussed progress and plans related to NIOSHôs noise exposure 

criteria policy. NIOSH and OSHA were both established in 1971. In the US, regulation 

enforcement is overseen by the Department of Labor, the department within which OSHA and 

the Mine Safety and Health Administration (MSHA) operate. Research and prevention 

recommendations, in contrast, are overseen by the Department of Health and Human Services  

(HHS), and NIOSH is an institute of HHSôs Centers for Disease Control and Prevention, or CDC. 

OSHA and NIOSH are entirely separate by design. ñThe idea is, we feed into the regulations, or 

other government agencies take our recommendations and guidance.ò Figure 9.1 illustrates this 

basic organizational structure.  

The NIOSH mission is to generate new knowledge in the field of occupational safety and 

health, and to transfer that knowledge into practice. The instituteôs four overarching activities are: 

identifying hazards and developing solutions, conducting cutting-edge research, recommending 

exposure limits, and serving as an information resource.   

The presentation focused on the development of criteria documents that provide the 

scientific basis for new occupational and health noise standards. The documents contain a critical 

review of the scientific and technical information available on the prevalence of hazards, the 

existence of safety and health risks, and the adequacy of control methods.   

  NIOSH provides this information to OSHA and MSHA, which develop regulations.  

NIOSH information is also used by health professionals in academia, private industry, organized 

labor, public interest groups, and other government agencies as these groups conduct their own 

work.  

  To provide a historical context, the first noise exposure criteria document was developed 

in 1972. The criteria were designed to protect a worker based on a 40-year career working in 

what would be a hazardous noise environment. The recommended exposure limit, or REL, was 

set at 85 dB(A), with a 5-dB exchange rate. A temporary REL was set to 90 dB(A). The 85 

dB(A) time-weighted average exposure level was designed to be geared toward new businesses, 

with existing ones permitted to use the 90 dB(A) REL while engineering controls were put in 

place. Additional items covered in the noise exposure criteria document were 

audiometric monitoring, hearing protection, training, and age correction.  
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  Revised noise exposure criteria were last published in 1998. The 1998 NIOSH noise 

criteria document, ñCriteria for a Recommended Standard:  

Occupational Noise ExposureðRevised Criteria, 1998,ò represented a  

reanalysis of existing data, using OSHAôs definition of ñmaterial impairmentò and applying 

revised statistical techniques. Even with the reanalysis, the 85 dB(A) REL was retained, while 

the 5-dB exchange rate was replaced by a 3-dB rate that had come to be the norm around the 

world. The 1998 document also contained improved criteria for identifying audiometric shifts, 

rescinded age corrections, and a proposed derating scheme for hearing protectors.  

  Currently, evidence is being gathered for potential guidance updates, and public input is 

welcomed. Three areas have been identified for initial consideration: hearing protection device 

de-rating (fit testing), complex noise exposures, and audiometric age corrections. Updates are 

likely to come out in phases rather than as a single, completely new criteria document.  

 Notably, it cannot be known how well a hearing protector works in the field unless it is tested 

in individuals. This point is clearly illustrated in Figure 9.2 showing laboratory versus field 

attenuation measurements.   

  In the updated NIOSH noise exposure criteria information, the institute will state that 

hearing protector fit-testing updates are recommended to replace derating of hearing protectors.  

Fit testing is not new, and in fact is common in the context of respirators. ñWe want to get 

hearing protector fit testing to the same place as respirator fit testing, where itôs just a natural part 

of the process for the protection of workers.ò With improved technology over the years, fit 

testing is increasingly feasible, and fit-testing systems are commercially available from several 

sources.  

  On the subject of complex noise exposures, it is known that impulse noise causes more 

hearing loss than steady-state noise at an equivalent level, as demonstrated in the study results 

summarized in Figure 9.3. Based on this knowledge, it is understood that hearing loss from 

complex noise exposure is being underestimated.   

  To better understand the effects of impulse noise, investigations are being conducted 

using the kurtosis statistic, which is a better descriptor of the impulsiveness of noise exposure. 

This research suggests kurtosis combined with the existing Leq (average energy level) and 

duration of exposure may improve predictions of noise-induced hearing loss. Studies involving 

thousands of participants, with corresponding audiograms and noise exposure measurements, 

have provided a robust data set for reliable assessments.  

  Moving on to the topic of age corrections (which are permitted, though not required, by 

OSHA), NIOSH has replaced its initial age-correction tables used in the OSHA noise regulations. 

Published a few years ago, the updated age-correction tables are being re-examined based on 

newly available data, with new NIOSH recommendations to come based on current knowledge.   

  In summary, NIOSH noise exposure guidelines are being updated, with decisions being 

made about what type of NIOSH document(s) will be issued with updated policy. The policy 

may be communicated with different documents for particular purposes. To reiterate, suggestions 

on policy are welcomed, and can be communicated to the speaker or any others associated with 

NIOSH.   

  During a discussion session following the presentation, an attendee suggested that the 

significant uncertainty around audiometry should be considered as part of a US noise exposure 

standard, as it is in the current European standard.   
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Another attendee raised the lack of commercial tools for measuring kurtosis as a 

challenge for data collection, with Byrne noting in response that NIOSH has informed some 

sound level meter manufacturers about the anticipated need for noise dosimeters to capture these 

measurements. A workshop participant added that kurtosis is actually a ñvery simple 

measurementò to make, and is already commonly used in areas such as condition monitoring of 

machinery.   

In response to another question, about addressing the abatement of noise at the source,  

Byrne said, ñThatôs always NIOSHôs primary goalðreducing exposure to noise at the source.ò   

Reiterating a point he made during an earlier discussion, an attendee suggested that 

NIOSH consider broadening the understanding of ototoxicity by creating a statement about the 

integration of otoprotective agents into hearing conservation programs. Byrne stated that NIOSH 

is taking steps in this area.    

  Finally, a participant asked whether NIOSH is taking steps to inform companies and 

workers of the mutual benefits of focusing on noise control as a complement to hearing 

protection devices. The participant admonished, ñWeôre going down a path that may lead 

completely away from engineering control, if weôre not careful.ò Byrne responded that NIOSH 

recognizes the important benefits of noise control and, in an early step, has updated its website to 

emphasize this component of protecting workersô hearing.   

  

  

  

  

 
Figure 9.1   NIOSH, MSHA, OSHA: Structure and areas of responsibility  
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Figure 9.2  Laboratory vs. field hearing protector attenuation measurements    

  

 
Figure 9.3  Relative risk of NIHL: impulse noise versus continuous noise  
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Occupational hearing loss is one of the most common work-related health conditions, with 

approximately 12 percent of the US working population experiencing hearing difficulty. Noise 

exposure is the predominant cause of occupational hearing loss. About 41 million current US 

workers have a history of occupational noise exposure at or above the potentially hazardous 85 

decibel level, with 22 million exposed each year. There are noise-exposed workers in most 

industries, with hearing loss prevalence varying widely by industry and occupation due to 

variability of noise and other factors. Surveillance is critical for identifying high-risk groups of 

workers, guiding prevention and research efforts, and evaluating the effectiveness of 

interventions.   

  
Elizabeth Masterson, co-coordinator of NIOSHôs Hearing Loss Prevention Cross-Sector 

Research Program, presented a keynote address about surveillance of noise and occupational 

hearing loss in the United States.   

  Occupational hearing loss is a wide-reaching problem and one of the most common 

work-related illnesses, with about 12 percent of the US working population experiencing hearing 

difficulty, 8 percent reporting tinnitus, and some 4 percent reporting both conditions. Among US 

workers, 24 percent of hearing difficulty is attributable to employment-related exposures. Among 

noise-exposed workers, 58 percent of hearing difficulty is attributable to occupational noise, 

meaning 58 percent of hearing difficulty cases among exposed workers could be prevented with 

a reduction in noise to a safe level.   

  Among veterans, tinnitus is the most prevalent service-connected disability, with 2.7 

million cases compensated in 2022, and hearing loss is the second most prevalent, with 1.4 

million cases compensated in 2022. Veterans are 30 percent more likely to have severe hearing 

impairment than non-veterans. Veterans who served in the September 2001 to March 2010 time 

frame are four times more likely to have severe hearing impairment than non-veterans. About 12 

percent of active-duty service members have hearing impairment, a prevalence that increases to 

14 percent when Coast Guard and Reserve members are included.  

  Noise can be hazardous at or above 85 decibels depending on duration of exposure. In the 

workplace, exposure to noise is referred to as ñoccupational noise exposure.ò Within the US 

working population (including civilian military workers and veterans, but not active-duty service 

members), 41 millionðabout 25 percentðhave a history of occupational noise exposure at a 

level at or above 85 decibels. About 22 million, or 14 percent, are exposed to this level of 

workplace noise each year.   

  Less than half of noise-exposed workersð47 percentðwear hearing protection, 

according to survey results. More workers may fail to wear hearing protection than is suggested 

by this survey, however, given that some survey respondents may state they wear protection 

although they do not.    

  By way of comparison with ototoxic chemical exposure in the 

workplace, about 10 million workers are exposed to solvents (a figure 

dating back to 1987); 12.7 million nonsmokers are exposed to 
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secondhand smoke (according to much more recent estimates), and an unknown number are 

exposed to other ototoxicants.   

Current active-duty service members, numbering about 1 million, can be assumed to have 

a history of exposure to weapons fire during their initial training. As in the private sector, not all 

members participate in a hearing conservation program. Among workers with no history of loud 

noise exposure at work, 7 percent reported hearing difficulty, 5 percent reported tinnitus, and 2 

percent reported both conditions. Among those with a history of loud noise exposure at work, 23  

percent reported hearing difficulty, 15 percent reported tinnitus, and 9 percent reported 

both conditions. The contrast demonstrates a clear connection between these workersô workplace 

noise exposure and both hearing loss and tinnitusðwith hearing loss more than triple in the 

noise-exposed group, for example.   

As for hearing loss numbers for the highest-risk industries in the US private sectorð 

consistently mining, construction, and manufacturingðFigure 10.1 (adapted from Themann et 

al., 2019) presents surveillance estimates in these three industries. In the railroad industry, 35 

percent report hearing difficulty, which is the highest figure of any industry.   

Some industries, such as real estate, finance, professional services, and health care and 

social assistance, have higher-than-expected prevalence, according to previous studies. The 

takeaway from these numbers: No industry can be considered ñsafeò or free of noise or ototoxic 

chemical exposures.   

Industry (where a person works) must be distinguished from occupation (the type of work 

a person does). Higher-prevalence and -risk occupations include miners; transportation operators 

(especially railroad workers); mechanics and machine operators; construction workers, 

woodworkers, and carpenters; farm operators and managers; and forestry/fishing occupations. 

Lower-prevalence and -risk occupations include teachers, mail carriers, most hospital workers, 

and most office professionals.     

Figure 10.2 (adapted from Masterson et.al., 2018) shows the prevalence of hearing loss 

among noise-exposed workers by industry sector in 5-year segments from 1981ï2010. Hearing 

loss prevalence for all industries combined remained steady, at nearly 20 percent, over this 

period. It declined significantly in the agriculture, forestry, fishing, and hunting industry sectors, 

while increasing in the mining, quarrying, and oil and gas extraction sectors.   

As reflected in Figure 10.3 (adapted from Kerns et al., 2018), tracking hearing loss 

incidence among noise-exposed workers from 1986ï2010, the incidence decreased from 9 

percent to 7 percent for all industries combined. The incidence in construction was the highest 

during most time periods. Considering trends in adjusted risk among noise-exposed workers as 

shown in Figure 10.4 (adapted from Kerns et. al., 2018), a downward trend is observed; overall, 

with all industries combined, adjusted risk decreased 46 percent over 25 years, with risk 

significantly lower in 2006ï2010 compared to 1986ï1990. As additional data are collected and 

analyzed, NIOSH will update these data to include an additional 10 years.   

To review some important points from the presentation, hearing loss is permanent, so 

prevention is key for protecting workers. Hearing loss may be caused or exacerbated by 

occupational exposures, so work exposure must be a primary consideration. Additional hearing 

loss prevention efforts must be undertaken for noise-exposed workers within the US military and 

in the mining, construction, and manufacturing sectors, while no industry should be labeled as 

ñsafeò or removed from the assessment of noise or ototoxic chemical exposures.   
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A discussion period followed the presentation. An attendee asked if Masterson had 

considered examining the trends in prevalence and incidence of hearing loss for nonexposed 

populations. He noted that the declines shown in Figures 10.2 and 10.3 might cover that entire 

population and not just exposed workers. Masterson agreed this is a possibility. Unfortunately, 

non-noise-exposed workers are typically not tested, and these data are very rare.  

An attendee asked whether steps must be taken to prevent observed trends from being 

skewed by changes during the COVID years. Masterson noted that audiometric testing was 

suspended after 2019 for some companies for two to three years and data are just now being 

collected for some of those companies. She felt this was something to be checked but may not 

present a significant issue given that data was considered in five-year blocks.   

An attendee asked if Masterson could provide more specifics on the occupations within 

the health care industry that were overexposed to noise, to which Masterson responded that the 

literature contains little information about exposures in this industry because people wrongfully 

assume that noise exposure is not a problem for this sector. Her recollection was that one 

industry in this sector that stood out in terms of hearing loss was health care professionals 

working in labs. Masterson speculated this might be due to machinery being positioned in 

proximity to other machinery or workers increasing the sound on personal devices to be heard 

over background noise. The attendee noted that this aligned with her experience in the Navy, 

where concern was focused on personnel in dental labs with machines preparing fillings. Later 

Masterson shared that the top industries in the health care and social assistance sector for hearing 

loss prevalence and risk were medical laboratories, offices of all other miscellaneous health 

practitioners, and child day care services.  

It was asked how it was that workers in the finance industry were overexposed to noise. 

The industry could include workers such as janitors or maintenance employees, Masterson 

clarified. Also, she pointed out that research on noise exposure in the real estate industry revealed 

that employees were often on their phones with the volume turned way up for long periods 

throughout the day.   

In closing the discussion session, the workshop host reiterated Mastersonôs critical point 

that noise overexposure is not confined to certain industries, as some have assumed, but that 

noise exposure must always be considered regardless of industry.  

   
 Figure 10.1   Worker hearing loss by industry   
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Figure 10.2   Trends in hearing loss prevalence among noise-exposed workers   

  

 
  

Figure 10.3   Trends in hearing loss incidence among noise-exposed workers   
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Figure 10.4   Trends in adjusted risk among noise-exposed workers  
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The burden of occupational noise exposure is enormous, and economic analyses tend to vastly 

underestimate the impact of noise exposure at work. Economic models are challenged to 

determine the true burden of this safety and health issue given factors such as underreporting of 

illnesses and injuries, and the need to account for personal and societal values and monetize 

quality-of-life impacts.   

  

Jennifer Tufts, with the University of Connecticut, shared her expertise on the economic impacts 

of noise exposure on individuals, employers, and the nation. She opened her presentation with a 

preview of the high-level points to be covered:   

  

Å The economic impact of occupational noise exposure is ñvast,ò and available cost figures 

underestimate the true burden of noise exposure at work.   

Å The question of values must be addressed within economic models in this context, given 

the foundational nature of personal and societal values related to the protection of 

workers from occupational safety and health hazards.  

Å Cost models have considerable limitations when they are applied in the safety and health 

realmðdue in part to limited incentives for employers to address worker hearing 

protection when its costs are borne largely by society and individuals.   

  

In terms of the costs of occupational noise exposure and who bears them, the simplified table in 

Figure 11.1 reflects direct costs (in orange) and indirect costs (in green). Direct costs include 

those associated with hearing loss prevention programs (HLPP), workersô compensation, direct 

medical needs, assistive listening devices, and lost income. And indirect costs include those 

related to loss of productivity/absenteeism due to accidents, potentially related medical issues  

(hypertension, for example), poorer economic prospects, lost household production, and reduced 

quality of life.   

  Check marks in the figure reflect a rudimentary consideration of who bears the cost of 

each item, and the placement of some of these marks may be arguable. Basically, however, the 

concept being conveyed is that costs are by no means borne solely by the noise producer, but 

rather are distributed, with much of the burden falling on harmed workers themselves. Employers 

are naturally not responsible for non-occupational exposures, and these exposuresð whose 

resulting hearing damage cannot be neatly divided in the real world from employmentcaused 

hearing lossðresult in costs that fall not only on affected individuals but also on society 

generally.   

  A sampling of cost estimates according to research is presented in Figure 11.2. Elizabeth 

Masterson and her colleagues examined average annual costs of claims for occupational hearing 

loss (OHL) in the 2009ï2013 time frame, finding amounts ranging from $49 million to $67 

million. In France, researchers estimated an annual social cost of 

occupational noise in that country of ú21 billion. A study by Huddle et al. 
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reflects the immense uncertainty that can be associated with these cost estimate models, finding 

the annual cost of lost productivity from adult hearing loss in the United States falls in the 

extremely wide range of $1.8 billion to $194 billion.   

  As compelling as these numbers are, they underestimate the true burden of occupational 

noise exposure. Reasons are listed in Figure 11.3 and include rampant underreporting of illnesses 

and injuries by companies and also by workers who do not want to be stigmatized as weak; and 

incomplete, missing, or inaccessible data as is common in economic studies.   

  Personal and societal values are foundational to the discussion of economic impact, but 

are rarely made explicit in economic models. A brief ñthought experimentò was presented in 

which attendees were asked to consider their own personal values related to noise exposure, 

using several questions as prompts:  

   

Å What would a ñquieter Americaò sound like?  

Å How much money would you be willing to spend for a ñquieter Americaò?  

Å How much regulation of your activitiesðthe use of leaf blowers, for example, or playing 

pickleballðwould you tolerate?  

Å How would your neighbors and others answer these same questions?   

  

A spectrum could be envisioned with respect to the importance of considering economic costs 

related to occupational safety and health, with ñnot at all importantò at one end and ñof utmost 

importanceò at the other. For its part, the EU stated in its Directive 89/391/EEC on occupational 

safety and health, ñWorkersô safety, hygiene and health at work should not be subordinated to 

purely economic considerations.ò As long ago as 1976, the EPA said, ñA balancing of costs and 

benefits is to be done heavily in favor of worker health.ò  

  In using cost models to guide decision-making, two common tools for comparing 

options for taking action (or no action) are cost-benefit analysis and sensitivity analysis. Cost-

benefit analysis evaluates alternate scenarios in terms of which strategy gives the most ñbang for 

the buck,ò while sensitivity analysis explores uncertainty in model data and outcomes.   

 Sensitivity analysis provides lower and upper cost bounds as inputs to the model are adjusted. 

Figure 11.4 illustrates the concept using a study by presenter Tufts and colleagues. The 2010 

study looked at average projected lifetime costs related to noise-induced hearing loss (NIHL) for 

a US Navy machinistôs mate, as a function of normalized exposure level. Applying sensitivity 

analysis that varied exposure level and exposure duration over sailorsô career years, the research 

found that a 50 percent reduction in exposure level would yield slightly greater cost savings than 

a 50 percent reduction in years of exposure. (The researchers did not undertake a full cost-

benefit analysis or calculate each strategyôs net costs.)   

  Cost models have considerable limitations when applied to occupational safety and health 

questions. This is particularly true because costs and benefits of occupational safety and healthð 

dollars spent and worker health, respectivelyðare ñfundamentally incompatible.ò Decisions 

must be made with respect to: Which costs will be included and excluded? Will a cost be 

included because it is considered meaningful, even given limited data on this cost? If impact on 

quality of life is considered important to include in a model, how will that be monetized? The 

answers to these questions will reflect the underlying values of the modelôs developers.  

 Because the costs of exposure to occupational hazards are largely borne by individuals and 



рп  

  

society, incentives for the employer to invest in worker health are often lacking. Will the US 

Navy be motivated to invest in measures such as retrofitting engine rooms to make them quieter, 

for example, when most hearing-loss-related costs arise later in a sailorôs life, after retirement, 

when the Department of Veterans Affairs (VA) and not the Navy is bearing the expense?   Given 

the lack of incentive on the part of the employer, worker safety and health are ultimately 

societyôs responsibility. In winding up the presentation, Tufts summed up, ñOccupational safety 

and health policy, I think, should reflect the collective will of a hopefully informed citizenry. 

There are all kinds of mechanismsðlegislative and judicial action, government incentives to 

businesses and researchers, union activity, and even grassroots actions, for exampleðthat could 

help in this regard. For its part, economic analysis is designed to identify the most cost-effective 

way to implement an already-established goal of protecting peopleôs health.ò    During a post-

presentation discussion period, participants expressed that:  

  

Å Noise exposure, and resulting hearing loss, is a long-term problem, and people generally 

have no appetite for spending money to solve these types of issues in the short term; and  

Å While quality-of-life factors are fundamentally not monetizable, metrics such as 

disability-adjusted life years and willingness to pay can at least contribute to attempts to 

place monetary values on what is indeed intangible.   

  

  

  

  
  

Figure 11.1   Direct and indirect costs associated with occupational noise exposure  
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Figure 11.2   Research is up against major uncertainty in estimating the cost of hearing loss due to occupational 

and environmental causes  

  

   
Figure 11.3   Various factors contribute to the underestimation of occupational hearing loss burden   
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Figure 11.4  Modeling expected lifetime NIHL-related costs for a US Navy population   
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мнΦ IŜŀǊƛƴƎ [ƻǎǎ ŀƴŘ /ƻƎƴƛǝƻƴ  

  

CǊŀƴƪ [ƛƴτWƻƘƴǎ IƻǇƪƛƴǎ ¦ƴƛǾŜǊǎƛǘȅ  

  
Dementia is a crucial and growing public health priority in the US and globally. As the largest 

potentially modifiable risk factor for dementia, hearing loss holds great promise as a target for 

interventions as the US population ages. Controlled clinical studies such as the ACHIEVE trial 

are providing critical information about addressing hearing loss as a strategy for reducing 

cognitive decline.   
  

Frank Lin, a Johns Hopkins University physician and researcher specializing in otolaryngology, 

shared his expertise relating to hearing loss and its link with cognition and dementia. A focus of 

his presentation were findings from the Lancet Commission on Dementia Prevention,  

Intervention, and Care (an expert panel set up to review evidence and produce recommendations 

related to potentially modifiable risk factors for dementia) and the recently published results 

from the National Institute on Aging- (NIA) funded ñAging and Cognitive Health Evaluation in 

Eldersò (ACHIEVE) trial.   

Dementia is a critical public health priority, as the US and global population ages. ñThe 

idea of potentially targeting modifiable risk factors is very appealing, toward lowering dementia 

prevalence down the road.ò In 2020, the Lancet Commission concluded that hearing loss in mid 

and late life was the single largest risk factor for dementia. Hearing loss and other dementia risk 

factors appear in Figure 12.1, along with the percentage reduction in dementia risk that could be 

achieved by elimination of each risk factor.   

Hearing from an epidemiological perspective can be defined using the four-frequency 

pure tone average (PTA) in the better ear. An associated audiogram is shown in Figure 12.2. As 

seen in this figure, using a 25 dB cutoff of the reduction in the PTA, prevalence of hearing loss in 

the US nearly doubles with each age decade.   

Cognitionðbroadly defined as thinking and memory abilities, including various domains 

such as memory, executive function, and processing speedðtypically declines gradually as we 

age, beginning in mid-life. Cognition can be measured rather precisely with specific batteries of 

tests. Neurocognitive testing tends to be performed by a trained expert with tests examining each 

domain specifically. Most tests are not limited to auditory stimuli, and can generally reach 

accurate conclusions about cognition regardless of speech understanding (except in extreme 

circumstances), which can be tested and accounted for ahead of time.  

Dementia, in basic terms, generally occurs after a long period (often seven to 10 years) of 

cognitive decline, and reflects the point when the decline interferes with oneôs ability to 

undertake regular daily activities. The two main etiologic causes of dementia are Alzheimerôs 

disease and microvascular disease of the brain. A one-to-one correlation does not exist between 

the amount of pathology in the brain and clinical presentation. Some factors likely act as a buffer 

between pathology and phenotypical presentation in the form of clinical symptoms. ñSo you 

canôt look at an MRI scan and say, óThis person has dementia.ôò   

How is auditory periphery related to cognitive impairment? Many common pathological 

processes could be involved. Factors could include mitochondrial 

dysfunction, microvascular disease affecting the brain and inner ear, 

genetic predisposition, and others. It is important for science to reach 
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beyond the academic issue of correlation and examine the important question of whether 

mechanisms exist through which hearing loss can increase dementia risk.   

As presented in Figure 12.3, three major mechanisms have been identified by which 

hearing loss could directly, mechanically contribute to a greater risk of cognitive decline and 

dementia over time. The first is cognitive loadðthat is, if the brain is constantly receiving an 

impaired, garbled auditory signal from the inner ear, it must constantly reallocate brain resources 

to deal with decoding these messages, at the expense of supporting thinking and memory 

systems. ñRather than a robust cognitive reserve being available to help buffer against dementia 

pathology and prevent it from presenting phenotypically, that cognitive reserve is being used up 

on the effort to decode a more garbled auditory signal.ò Second, auditory deprivation in and of 

itself could directly degrade brain neural pathways and lead to faster rates of brain atrophy. And 

third, lack of social engagement and, in turn, reduced cognitive stimulation can harm cognitive 

health.  

Because these factors cannot be studied experimentally in humans, information must be 

inferred from very large epidemiological studies. This type of research includes precise 

measurements of hearing, cognition, and other factors. Variables influencing correlationðsuch as 

age, health conditions such as diabetes and hypertension, and education levelðcan be controlled 

for. ñEpidemiology is by no means definitive, but it lends itself more to controlling for 

confounders and looking at whether or not hearing loss is related to cognitive 

impairment/dementia.ò   

Figure 12.4 presents three early studies providing the ñhighest level of evidenceò to the 

Lancet Commission elucidating the relationship between hearing loss and risk of cognitive 

impairment/dementia. Hearing factors so highly into the risk for cognitive decline for two 

reasons: First, the risk ratios between hearing and dementia are quite large (such as 200, 300, and 

500 percent increased risk, theoretically). Also contributing to hearing lossôs ranking as the single 

largest risk factor for dementia: The condition is extremely common, affecting a majority of 

adults.  

If hearing loss is treated with existing interventions, will this help curtail cognitive 

decline? Randomized controlled trials are needed to examine this question. Observational studies 

cannot provide the answers because, while people with hearing aids do fare better in terms of 

cognition, this cannot be attributed directly to the hearing intervention because people who get 

hearing aids are overall healthier, wealthier, and better educated.    

Theoretically, there is reason to believe that a hearing intervention such as a hearing aid 

could directly modify relevant pathwaysðreducing cognitive load by providing a clear auditory 

signal and supporting social engagement, for exampleðand thereby reduce cognitive decline and 

dementia. ñPlausibly, hearing interventionsðwhich are greatly underutilized and widely 

available, and present no riskðcould be beneficial.ò   

To answer the basic question of whether, in fact, treating hearing loss can reduce 

cognitive decline within three years, the NIH National Institute on Aging-sponsored ACHIEVE 

clinical trial was kicked off in 2017. The design of the study, which involved nearly 1,000 

participants aged 70 to 84, is summarized in Figure 12.5. Two groups were selected for the study: 

participants in the ongoing heart-health study known as "Atherosclerosis Risk in Communities" 

(ARIC), and healthy community volunteers ("de novo" in Figure 12.5). The randomized groups 

of participants received either a hearing intervention (including hearing aids and four sessions 

with a study audiologist) or a control intervention.   
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Data from the ARIC group suggests that hearing intervention reduces cognitive decline 

within three years by 48 percent in populations at increased risk for cognitive decline (see Figure 

6). The complex findings are summarized in Figure 12.7, and additional information can be 

found at https://www.achievestudy.org/. A bottom-line conclusion, as published in The Lancet: 

ñBased on evidence from the ACHIEVE study, hearing loss might be a particularly important 

global public health target for dementia prevention efforts.ò  

In conclusion, ACHIEVE findings support previous recommendations, from the 2020 

Lancet Commission on Dementia and the 2021 US National Plan for Alzheimerôs Disease, to 

address hearing loss in dementia prevention strategies. Hearing interventions offer important 

benefits, including a substantial reduction in cognitive decline in those at increased risk.  

Government actions are needed to:  

  

Å Help gain insurance coverage of hearing intervention for adults;  

Å Develop regulations for over-the-counter (OTC) hearing aids to drive innovation and 

affordability; and  

 

Figure 12.1    Dementia risk factors and their promise as targets for decreasing prevalence  

 

Å Create public awareness campaigns on the issue of hearing and encourage adoption of the 

simple, four-frequency pure tone average as a common health metric available on 

smartphones for hearing awareness.   

  

  

  

  

https://www.achievestudy.org/
https://www.achievestudy.org/
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Figure 12.2    Measuring hearing loss; and hearing loss prevalence in the US  

   

 
  

Figure 12.3    Mechanisms linking hearing loss and cognitive impairment and dementia  
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Figure 12.4    Early research providing convincing evidence of hearing loss-dementia connection  

 

Figure 12.5    ACHIEVE study: Clinical trial of hearing loss as potential target for public health improvement  
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Figure 12.6    ACHIEVE study: Three-year change in cognitive function  

  

 
Figure 12.7    ACHIEVE Study: Hearing intervention and 3-year cognitive outcomes  
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моΦ bƻƛǎŜ 9ȄǇƻǎǳǊŜ ŀƴŘ hŎŎǳǇŀǝƻƴŀƭ LƴƧǳǊƛŜǎ  

  

wƛŎƘŀǊŘ bŜƛǘȊŜƭτ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛŎƘƛƎŀƴ   

  
The link between noise exposure in the workplace and on-the-job injuries offers a compelling 

argument for employers to pay attention to worker noise exposure. Highlighting this link may 

prove more persuasive than a message focusing on long-term hearing loss alone in motivating 

employers to reduce workplace noise. Recent researchð including carefully designed University 

of Michigan studies and a rigorous, systematic review of scientific research in this areaðoffers 

evidence of strong associations between noise exposure and injury risk.  

  

In his second presentation of the ñOccupational Noise Exposure: Risks and Controlsò workshop, 

the University of Michiganôs Richard Neitzel provided an overview of noise exposure and 

occupational injuries. Among workers and employers alikeðas among Americans, generallyð 

hearing loss prevention is typically not considered a priority. An angle that can motivate 

employers and employees to pay attention to the linked issues of noise exposure and hearing loss 

is on-the-job injuries. Such injuries can be ñcatastrophicò and ñlife-changing,ò and are reportable 

to the government and spotlighted by the media.   

  Neitzelôs research team and other researchers have examined the linkage between noise 

exposure and the risk of occupational injuries. Modifiable and non-modifiable factors that may 

be associated with injury risk, including factors related to occupational noise exposure, are 

presented in Figure 13.1. Modifiable factors include sleep, perceived job safety, and mental 

workload, as well as use of hearing protection, preexisting hearing loss, and presence of tinnitus. 

ñWe think all of these potentially modifiable factors are part of the pathway between a worker 

being exposed to noise and their likelihood of being hurtðbe it in the form of a minor, serious, 

or even fatal injury.ò  

  Recent studies have shown associations between noise exposure and risk of injury, 

controlling for factors such as a personôs hearing ability, age, and sex. Figure 13.2 summarizes a 

US study involving more than 9,000 manufacturing workers tracked over a six-year period. 

Researchers observed statistically significant increases in injury risk as hearing ability decreased 

and as noise exposure increased, controlling for age, sex, experience, and other known risk 

factors for injuries.  

Another large Canadian study followed more than 50,000 participants experiencing noise 

exposure in workplaces spanning various industries. Over five years, the workers experienced 

more than 43,000 injuries. The study showed an almost monotonic increase in the prevalence of 

injuries, as hearing status ranged from normal hearing to severe hearing loss as shown in Figure 

13.3.  

In another study, the impact of tinnitus on the risk of workplace injury was considered 

along with the effects of noise exposure and hearing loss. US workers with both tinnitus and 

hearing loss were seen to have a 25 percent increased risk of injury compared to those who had 

neither condition, controlling for noise exposure.     

The University of Michigan has conducted various studies in recent 

years looking at noise exposure and injuries. Some have focused on the 

experiences of miners, who have a very high prevalence of noise-induced 

hearing loss, often use hearing protection at higher rates than those in other 
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industries, and have very high fatality rates relative to other industries. Notably, while 

hearing loss can increase the risk of  

getting injured, wearing hearing protectors can also heighten injury risk, by worsening wearersô 

ability to hear what is going on in the working environment, in a manner similar to hearing loss.  

Three University of Michigan studies were among those highlighted in the presentation.   

   

Å Cross-sectional study of aboveground miners  

(https://pubmed.ncbi.nlm.nih.gov/36053031/) Shkembi A, Smith LM, Bregg S, Neitzel RL. 

Evaluating Occupational Noise Exposure as a Contributor to Injury Risk among Miners. Ann 

Work Expo Health. 2022 Nov 15;66(9):1151-1161. doi: 10.1093/annweh/wxac059. PMID:  

36053031.  

  

Boosted regression tree analysis allowed researchers to rank different risk factors by relative 

importanceðspecifically, in this case, the importance to a workerôs risk of being injured in 

the workplace. Among the 18 predictors examined, noise was 7th in relative importance. 

ñThis indicates that noise may have much more importance to your risk of occupational 

injury than weôve recognized historically.ò The inflection point at which risk of a 

noiserelated injury became statistically significant was identified as a time-weighted average 

(TWA) of 88 dB(A). Importantly, workers with the highest noise exposures accounted for 

one of every five injuries reportedða dose-response finding important in this type of 

epidemiological research.   

Å Study of all reported US workplace injuries in 2019 

(https://pubmed.ncbi.nlm.nih.gov/34697222/)   

   

Researchers were interested in what proportion of workers experienced an eight-hour average 

sound level LAeq over 85 dB(A), by the Standard Occupational Classification. Based on the 

statistic that, in 2019, about 430,000 injuries and illnesses occurred that resulted in days 

away from work, the University of Michigan researchers found that about 3 percent of those 

acute injuriesðalmost 15,000ðmight have been prevented if the workers were not exposed 

to noise. The research team estimated that noise-attributable injuries in the US in 2019 would 

have been associated with medical costs of about $80 million. ñThe type of analysis we used 

in this study can really help us home in on which workers we think are most at risk of a 

noise-related injury. That, in turn, can help target efforts to reduce noise exposures and 

injuries for those workers.ò  

Å Retrospective assessment of occupational noise and injuries among miners 

(https://pubmed.ncbi.nlm.nih.gov/34706100/) Shkembi A, Smith LM, Neitzel RL.  

Retrospective assessment of the association between noise exposure and nonfatal and fatal 

injury rates among miners in the United States from 1983 to 2014. Am J Ind Med. 2022 

Jan;65(1):30-40. doi: 10.1002/ajim.23305. Epub 2021 Oct 27. PMID: 34706100.  

   

Risk among mining workers of non-fatal injury with workdays lost was found to be 

significantly elevated, and risk of any kind of injury was also significantly elevated, for every 

5 dB(A) increase in TWA. The largest risk was for a fatal injury on the job. It was noted that, 

in 2000, at around the midpoint of the 1983ï2014 study, the Mine Safety and Health 

https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/36053031/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34697222/
https://pubmed.ncbi.nlm.nih.gov/34706100/
https://pubmed.ncbi.nlm.nih.gov/34706100/
https://pubmed.ncbi.nlm.nih.gov/34706100/
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Administration revised their noise regulations for miners. After MSHA tightened up its rules, 

injury rates and noise levels went down, as shown in Figure 13.4. ñThat provides some 

evidence that, if we can motivate change in regulations, we can see benefits to workersðnot 

only in terms of noise exposure but also in terms of reduced injury risk.ò Supplemental 

material related to this study is available at: https://noise.shinyapps.io/AlphaAim1/.  

   

A systematic review conducted by researchers Dzhambov and Dzhambov in 2017 examined a 

number of studies looking at the risk of injury in workers with high and low noise exposures. 

The research found a significantly higher injury risk in workers with the highest exposures 

compared to those with low exposures.   

Conclusions from the four studies are summarized in Figure 13.5. Accumulating evidence 

points to the conclusion that ñpreventing noise in the workplace might actually prevent injuries in 

the workplace.ò The evidence ñsupports a much more compelling argument for employers doing 

the right thing, beyond simply telling employers, óYou could prevent employeesô hearing loss 

that may arise 20 years from now.ôò   

The American Conference of Governmental Industrial Hygienists (ACGIH) includes a 

statement with the threshold limit value (TLV) (the organizationôs recommended exposure limit 

for audible sound, the term the organization uses for noise), noting that, even if employers are 

protecting their workers against hearing loss, the employees may still be at risk of injury in the 

workplace. Injury risk might be tied to brief periods of very loud soundðinterfering with a 

shouted warning, for exampleðrather than average noise level. The risk may also be tied to other 

factors independent of the intensity of sound. Additional research is needed to clarify connections 

between workplace noise and injury risk.   

  During a discussion session following the presentation, Neitzel commented that 

approaches for reducing noise exposures are not limited to implementation of engineering 

controls. Administrative controlsðfor example, limiting the hours that miners are working 

underground, exposed to high levels of noiseðcan also play an important part in protecting 

workers.  

  

  

https://noise.shinyapps.io/AlphaAim1/
https://noise.shinyapps.io/AlphaAim1/
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Figure 13.1   Hypothesized relationship between noise and injuries  

  

  

 
  

Figure 13.2  Association between noise exposure, hearing acuity, and risk of occupational injury  
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Figure 13.3  Relationship between prevalence of occupational injuries and level of hearing loss  

  

  

 
  

Figure 13.4 Injury rate reductions at mines following changes  

to hearing control protection regulation  
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Figure 13.5   Real-world ramifications: Occupational noise and injuries  

  

  

  

  

  

  

  
  


