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ABSTRACT 

Noise-induced hearing loss is the second major cause of hearing loss (after presbycusis; 

age) and therefore noise exposure is the main modifiable risk factor for hearing loss. We 

were interested in exploring research in this field from 2020 to 2022. A search with the 

search term “noise-induced hearing loss” in the ‘all fields’ in Web of Science Core Collection 

identified over 500 peer reviewed scientific papers. The main areas in which they were 

published were otorhinolaryngology, public/environmental/occupational health, 

neurosciences, audiology speech language pathology, and environmental sciences. We will 

present research highlights from these papers, including publications on noise exposure in 

association with each of the sub-themes within ICBEN Team 1 “Noise-induced hearing loss”: 

hearing loss, tinnitus, and balance problems; occupational noise; leisure noise; screening, 

clinical evaluation, and treatment; and molecular genetics. Based on this overview, 

knowledge gaps, emerging areas and future research priorities will also be discussed. 

Keywords (3-6): Noise-induced hearing loss, tinnitus, vestibular function, hyperacusis, hair 

cell loss, synaptopathy.  

 

INTRODUCTION: 

The World Health Organisation estimates suggest that by 2050, around 2.5 billion people 

worldwide will have some degree of hearing impairment 1, with noise-induced hearing loss 

(NIHL) being a major contributor to the global burden. It is well-established in the scientific 

literature that exposure to loud noise can cause deterioration in threshold sensitivity and 

damage to sensory hair cells and other structures in the auditory system. Exposure to 

excessive occupational and recreational can cause a variety of auditory and vestibular 

problems, including hearing loss, tinnitus, and possibly also balance problems. Increased 

intensity and duration of exposure lead to more severe damage, resulting in greater hearing 

loss.  
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The psychological and emotional effects of hearing loss, such as anxiety, depression, and 

social isolation, can significantly impact a person's quality of life 2. Reducing exposure to 

loud noise can prevent NIHL, and this can be accomplished through the use of hearing 

protection devices, engineering controls, and education and training on safe listening 

practices.  

In this narrative-style review, we focus on a range of research published between 2020 and 

2022. We begin by examining the hearing loss, tinnitus, and balance issues linked to noise 

exposure. We then highlight some of the latest findings on the effects of noise exposure in 

both occupational and leisure settings. The review also includes discussions on screening, 

clinical evaluation, treatment options, and molecular genetics related to NIHL and tinnitus. 

HEARING LOSS, TINNITUS AND BALANCE PROBLEMS ASSOCIATED WITH NOISE. 

Noise-induced hearing loss (NIHL) 

Outer hair cell (OHC) losses and worsening of hearing thresholds near 4 kHz in the basal 

region of the cochlea has been reported in human to be significantly greater in cases with 

noise-exposure history than in an age-matched control group 3. The study found that there 

was no correlation between noise exposure history and apical OHC loss or pan-cochlear 

strial degeneration, suggesting that those types of hearing losses are age-related. In addition 

to OHC loss, there is growing evidence mainly from animal model studies suggesting that 

noise-induced damage to synaptic connections between the inner hair cell (IHC) and the 

auditory nerve could lead to cochlear synaptopathy  or sometimes called ‘hidden hearing 

loss’ even when there is no evident damage to the hair cells 4. Auditory nerve fiber (ANF) 

loss, exacerbated by noise, has recently been reported also in humans to be significant at all 

cochlear frequencies, contributing to poor word discrimination 3. While, noise-induced 

cochlear synaptopathy can affect the ability to perceive speech in noisy environments, it is 

difficult to diagnose using conventional hearing tests as thresholds are insensitive to 

synaptic and neural loss until damage is severe 5.  

Tinnitus  

Resent research in military personnel have shown that exposure to hazardous levels of 

noise is significantly associated to tinnitus 6, 7. Combat noise exposure was found to be a 

more important risk factor for tinnitus than age and those with tinnitus were be more than 4 

times as likely to also have hearing loss, and tinnitus was often a precursor for later hearing 

loss 7. Other than occupational noise, exposure to loud music and leisure noise can also be 

a significant risk factor for developing tinnitus 8. 

Vestibular outcomes 
 
A 2020 review suggests that noise exposure may cause damage to the peripheral vestibular 
system as well 9. Although, results from Ertugrul et al. suggest that occupational noise 
exposure may not have an effect on the lateral semicircular canal of the vestibular system, 
as they did not find any difference in the caloric response as assessed using 
Videonystagmography (VNG) 10. Noise-induced peripheral vestibular dysfunction may 
therefore perhaps not be detected without assessing the vestibular nerve or the saccular 
function, as suggested by Stewart et al., who showed delayed onset latency and reduced 
Vestibular short-latency Evoked Potential (VsEP) in rats following noise exposure 9. 
Similarly, Viola et al. identified significantly increased cervical Vestibular Evoked Myogenic 
Potentials (c-VEMP) thresholds and p1-n1 amplitudes in human subjects with documented 
occupational noise exposure for at least 5 years, while caloric test results were normal 11. 
There are however still gaps in our understanding of the relationship and pathways of noise 



exposure and vestibular impairment, and few studies were found on this topic for the current 
review. 
 
Other hearing-related outcomes 

Given the search term used for this review, the 50 studies related to this sub-theme mainly 

focused on hearing loss as outcome. Exposure to high levels of noise can however also lead 

to other hearing-related outcomes, such as a distortion of the temporal cues that are 

important for speech perception and other sound perception causing listening difficulties, 

fatigue, and other related problems 12. It has been reported that subjects with high noise 

exposure expend significantly more listening effort compared to subject with lower noise 

exposure, potentially due to hair cell loss as they also have more absence of transient 

evoked otoacoustic emissions (TEOAEs) and distortion product otoacoustic emissions 

(DPOAEs) 13. Another study also found results indicating that auditory pathways and pain 

pathways interact, and that NIHL may cause increased pain sensitivity which could be 

relevant for pain hyperacusis 14.  

OCCUPATIONAL NOISE EXPOSURE AND HEARING LOSS 

An Australian study estimates that occupational noise-induced hearing loss (ONIHL) in 

workers could potentially cause the loss of approximately 62,000 QALYs and 135,000 

PALYs respectively until the age of 65 15. The Italian agriculture sector saw a 7% annual 

increase in NIHL incidence during the 2004-2017 period. 16. In one of the few studies 

focusing on migrant workers, a fifth of 3474 examined in Kuwait industrial sector in 2018 

were diagnosed with occupational NIHL 17, which demonstrates the vulnerability of migrant 

workers globally. Furthermore, there is evidence to suggest that there is a socio-economic 

disparity in the burden of ONIHL, with workers in low- and middle-income countries (LMICs) 

being more affected than those in high-income countries (HICs) 18. For example, there is 

evidence from Myanmar and Vietnam that workers in textile mills and cement plants are at 

risk of developing hearing loss due to occupational noise exposure 19. 

As have been known from previous research, specific occupations tend to have significant 

risk of NIHL. Recently published studies conducted in South Africa and Australia have 

shown that mining workers are at a higher risk of developing hearing loss due to their 

occupational exposure to loud noises 20-22. Audiograms of noise-exposed mining rock drillers 

in South Africa revealed higher levels of hearing loss than non-noise-exposed administrative 

workers, and audiometric records of employees entering coal mining in Australia revealed 

significant hearing loss in older workers. Moreover, a significant proportion of younger 

workers showed an audiometric notch at 4 kHz, indicating early risk of hearing damage in 

their careers. Similarly, military noise exposure research continues to show high noise 

levels. For example, Luha et al. reported noise levels of 94.2±2.3 - 94.7±1.8 dB(A) in the 

canvas-covered rear passenger compartment of heavy all-terrain trucks, which pose a risk of 

hearing damage for those who spend prolonged periods in this environment 23. Furthermore, 

Brazilian fishermen are also at risk of developing hearing loss due to exposure to noise from 

various sources, including boat engines and machinery with sound pressure levels reported 

to be between 99.5 to 107.9 Leq dBA 24, 25. This highlights the importance of protecting 

workers from noise exposure in the workplace, as well as the need for regular hearing tests 

to monitor and detect hearing loss early on.  

We also highlight a study indicating that younger workers may be more likely to be involved 

in jobs with high levels of noise exposure 26. The risk in young workers may be supported by 

evidence that younger early career musicians with highest levels of noise exposure exhibit 



greater decline in outer hair cell function compared to individuals with the lowest levels of 

noise exposure 27.  

Interventions 

Lack of feasible administrative or engineering controls and inadequate hearing conservation 

programs have been reported as the most-frequently cited violations of noise standards. 28. 

However, strategies such as voluntary daily noise monitoring show promise in preventing 

ONIHL 29, as part of a broader hearing conservation programme. In addition, educational 

programmes have been found to be effective in improving hearing conservation outcomes 30, 

31, however, research is needed to evaluate the long-term effects of worker training 

programmes on hearing health. The US National Health and Nutritional Examination Survey 

(NHANES) found that while occupational noise exposure has significantly increased among 

the US working-age population from 1999 to 2016, the use of hearing protection remained 

low at 41.3 and 32.8%, respectively for the study periods 32. This also brings into question 

self-efficacy and there is evidence in support of existing literature that fit-testing systems 

improve the correct use of hearing protection device in workplaces 33. A full array of 

prevention strategies including engineering and administrative controls, noise assessments, 

audiometric testing, education and improved and correct HPD are needed as part of 

effective hearing conservation programmes. However, current reviews suggest that better 

quality research is needed effectively evaluate the efficacy of these strategies over time 34, 35.  

RECREATIONAL NOISE EXPOSURE AND HEARING LOSS 

Noise exposure recorded using the SoundMeter X smartphone application from 10 different 

urban music venues in Nashville, Tennessee found an average equivalent continuous sound 

level of 112.0 (±4.9) dBA, and an average maximum sound level of 127.0 (±3.2) dBA 36. 

These recordings were obtained for 60 minutes each and included live music performance. 

In addition, the Apple Hearing Study is the first nationwide study (in the US) to evaluate 

sound exposure from both headphone audio and environmental sound simultaneously, and 

the preliminary results published so far indicate that exposure to both types of sound 

exceeded the WHO recommended sound levels 37. In a study of 1274 participants from the 

general population, personal listening devices (PLDs) were reported to be the most frequent 

source of leisure noise exposure with 58% of respondents reporting self-exposure at least 

once per month and 23% reporting daily exposure 38. While many people find them to be 

enjoyable, there is a risk of NIHL. One factor influencing exposure to hazardous levels of 

recreational noise is general risk-taking behaviour, where individuals with higher general risk 

propensity are more likely to engage in risky noise behaviour 38. Interestingly, another study 

reported adolescents with a lower socioeconomic status were more likely to engage in 

unsafe listening but found no significant association between age, gender and educational 

levels 39. Health promotion resources such as the Know Your Noise website 40 and 

smartphone applications 41 could be effective in raising awareness about leisure noise and 

promoting hearing health across different demographic groups.  

SCREENING, CLINICAL EVALUATION AND TREATMENT OF NOISE-INDUCED 

HEARING LOSS 

Screening and clinical evaluation 

Pure-tone audiometry, speech audiometry, otoacoustic emissions (OAEs), and auditory 

brainstem response (ABR) are common methods used for screening NIHL. A recent study 

suggest that DPOAE amplitude maps (the amplitude of the DPOAE signal at different 

frequency pairs plotted on a two-dimensional grid) are more reliable and provide a more 

comprehensive picture of outer hair cell responses than audiometry and standard DPOAEs 



42. Research using functional Magnetic Resonance Imaging (fMRI) responses have also 

found that individuals with higher lifetime noise exposure have greater responses throughout 

the auditory system than controls with low lifetime noise exposure 43. While the effect size 

was small but statistically significant, this study provides the first evaluation of noise 

exposure and fMRI response in humans. Although diagnosis of synaptopathy in humans is 

still not considered fully developed, continued interest in and results from 

electrophysiological tests such as the ABR and the envelope-following response (EFR) may 

prove to be useful in identifying cochlear synaptopathy in individuals who have been 

exposed to high-intensity noise 44. Interestingly, a study on noise exposed rats found, in 

addition to reduced DPOAEs and corresponding loss of OHCs, frequency-dependent results 

from cochlear compound action potential (CAP) latency and forward masking, and the 

researchers hypothesised that their results may reflect different types of synaptic sub-

injuries, with different underlying mechanisms, reflecting different functional outcomes such 

as reduced sound localisation (represented by delayed CAPs) or poor speech perception in 

noise (represented by enhanced forward masking) 45. 

Pure tone audiometry is though still considered a gold standard test of peripheral hearing 

function. Therefore, the study of 46 shows that the calibration error for supra-aural 

transducers mimics a notch-like pattern in the absence of noise-induced cochlear damage is 

important. The error should be taken into consideration as to not overestimate the 

prevalence of NIHL based on audiometric notches. Moreover, recommendations from a 

medicolegal perspective on the diagnosing of NIHL based on the audiogram in military 

personnel has been published by Moore et al. 47. In a separate paper they also describe how 

audiograms from subjects with different types of noise exposures, such as continuous, tonal, 

impulse noise exposure, should be assessed, as differences in the audiogram may be found 

depending on type of exposure 48.  

Treatment 

Almost 70 papers on different treatments were screened. A few are highlighted here, many 

of which are based on the mechanism relating to oxidative stress and generation of reactive 

oxygen species (ROS) within the inner ear. Hence, several antioxidant treatments were 

assessed, including several studies on Dexamethasone alone, or as adjuvant treatment, or 

methods to improve the uptake (e.g.,49-54). These studies generally suggested a positive 

effect of the treatment. For example, while not significantly influencing loss of inner hair cells 

(IHCs), forskolin treatment may be beneficial in reducing the oxidative damage in outer hair 

cells (OHCs) and attenuating NIHL 55. In addition, anti-HMGB1 antibody treatment has been 

shown to reduce cochlear ROS or reactive nitrogen species (RNS) production and 

preservation of OHCs, thus limiting the decline in auditory threshold shifts that occur 

following noise exposure 56. A few other studies assessed antioxidative effects from diverse 

sources, such as Curcumin 57, Sesamin 58, Ecklonia cava 59, antioxidant vitamins A, C, E, 

and Magnesium 60, Myricetin 61 and Ginseng 62. Although these smaller animal studies 

reported positive treatment effects, publication bias should be taken into consideration and 

more investigation is necessary to comprehensively ascertain both safety and effectiveness 

of such treatments in humans. 

Another study reported the novel treatment using mesenchymal stem/stromal cells (MSCs) 

derived from human umbilical cord Wharton’s jelly, and was injected after severe sound 

trauma into the perilymph of four week old female C57BL/6 mice 63. The authors concluded 

that the treatment induced a moderate protective effect by up-regulation of genes related to 

immune modulation, hypoxia response, mitochondrial function and regulation of apoptosis, 

and a down-regulation of genes related to synaptic remodelling, calcium homeostasis and 



the extracellular matrix. Kim et al. also found a benefit, with lower ABR thresholds and more 

preserved spiral ganglial cells and outer hair cells, in noise exposed rats who received 

systematic administration of human embryonic stem cell-derived MSCs compared to controls 

who were only noise exposed 64. In support of these two studies on NIHL, a recent review 

from 2020 including twelve studies on sensorineural hearing loss (i.e., not only NIHL), also 

suggest there might be a beneficial effect of mesenchymal stem/stromal cell (MSC) 

administration 65. However, the authors advise caution regarding the transferability of results 

given the limited data, potential bias, and fundamental differences in audible frequency 

range in animals and humans. 

MOLECULAR GENETICS OF NOISE-INDUCED HEARING LOSS AND TINNITUS 

Several genes have been identified as regulators of oxidative stress and inflammation within 

the inner ear. For example published in the latest years, Maeda et al. (2021) identified 273 

differentially expressed genes (DEGs) by RNA-sequencing and microarray analyses, which 

included 25 transcription factor genes and 28 neurotransmitter receptor genes, that were 

either up or down regulated shortly after noise exposure in mice 66. Recent research has 

also revealed new insights that highlight connections between oxidative stress pathways 

within the cochlear mitochondria that are crucial for preserving oxidative homeostasis 67, 68.  

Furthermore, GC-A/cGMP-dependent signalling pathways play a crucial role in protecting 

the ears from damage, and by enhancing natriuretic peptide GC-A signaling, it may be 

possible to counteract hidden hearing loss and NIHL 69. In addition, the guanine nucleotide 

binding protein (GNAS) alpha stimulating gene, acting as a crucial transcription factor with 

the adrenergic signalling pathway, plays a significant role in regulating the severity of 

temporary threshold shift (TTS) 70. Another study presented evidence from peripherin gene 

(Prph) knockout mouse models showing decreased medial olivocochlear (MOC) efferent-

mediated contralateral suppression and a reduced protection against NIHL, indicating that 

Prph-expressing auditory neurons play a role in the sensory component of the MOC 

feedback circuit 71.  

Most of the studies within this sub-theme (in total almost 70) were animal studies. However, 

Chen et al. for example studied 1269 workers in China who were exposed to noise 72. The 

researchers explored the link between susceptibility to noise-induced hearing loss and single 

nucleotide polymorphisms (SNPs) of cochlear clock genes (CRY1, CRY2, PER1, and 

PER2), the DNF gene (brain-derived neurotrophic factor), and the NTF3 (neurotrophin3) 

gene. The findings revealed that individuals with the GC/CC genotype at PER1 gene 

rs2585405 may have a higher risk of developing NIHL. The study highlights the future 

possibility of genetic testing to detect individuals who may have a greater susceptibility. 

Other studies analysed telomere length (TL) as a biomarker for NIHL in humans. 73 did not 

find any clear causal relationship between shorter TLs and increased risk of HL in a very 

large study including almost 80,000 participants, while 74 found that the longer the relative 

TL, the lower the risk of NIHL.  

A rather novel contribution was the studies by Zhang et al.75 and Boullaud et al. 76 who 

focused on metabolomic analyses, which is an emerging area where biomarkers for health 

outcomes can be identified. There are limited studies in the field of NIHL. Boullaud et al. 

performed their analysis on perilymph fluid from six sheep to assess immediate and early 

changes after noise exposure. The analysis found over 200 metabolites, where four were 

significantly changed after noise exposure compared to before exposure (urocanate, S-(5’-

Adenosyl)-L-Homocysteine, trigonelline and N-Acetyl-L-Leucine). The interpretation of main 

metabolic pathways associated with NIHL were hypothesised to relate to mechanical 

destruction of hair cells, damages of the synapses and nerve, and oxidative stress due to 



inflammatory reactions. In the other study reviewed here, Zhang et al. assessed metabolites 

from plasma samples 60 Chinese factory workers, with approximately half diagnosed with 

NIHL, and another 30 control workers without noise exposure. The study identified several 

metabolites that differed between NIHL and non-NIHL cases, of which seven showed 

significant differences and good diagnostic power between the NIHL and non-NIHL cases. 

They also found several signaling pathways related to noise exposure, of which six were 

common for noise exposure and NIHL (including retrograde endocannabinoid signaling, 

sphingolipid signaling pathway, vitamin digestion and absorption, Fc gamma R-mediated 

phagocytosis, phospholipase D signaling pathway, and central carbon metabolism in 

cancer). Although these results are from rather limited samples, they provide interesting 

preliminary data for future metabolomic studies, which might prove important for early 

identification of NIHL using biomarkers, understanding of the mechanisms and development 

of effective treatments. 

To gain a complete comprehension of the underlying mechanisms and to devise efficacious 

treatments of NIHL, additional research is required. The availability of large human genetic 

datasets, including a variety of ethnic populations and data on noise exposure, could if 

feasible prove an interesting and novel addition to this area. 

CONCLUSION 

The study of NIHL has been continued on understanding the mechanisms that result in 

hearing impairment. Both occupational and recreational noise exposure have been a cause 

of concern for workers and young individuals. To prevent further damage and improve 

outcomes for individuals suffering from noise-induced hearing loss, tinnitus, balance 

problems or other outcomes such as hyperacusis, early detection and intervention are 

important. This requires further knowledge and development of the diagnostics of noise-

induced auditory damage beyond pure tone audiometry. 

While the factors causing noise-induced auditory disorders are intricate and not entirely 

understood, recent research has yielded valuable insights into the mechanisms leading to 

hearing disorders and the techniques that can be employed to prevent them. For example, 

the function of genetics in determining an individual's vulnerability to NIHL is being further 

explored, and novel research in metabolomics, as well as stem cell therapy. However, there 

is still a lack of comprehensive knowledge in the variability of specific mechanisms related to 

genes, proteins, pathways, etc and their effect on cells and hearing in general.  

Further research in the field of noise-induced auditory effects is necessary for improving the 

health and safety of workers and the general public who are exposed to loud noise, 

especially considering that noise exposure is a preventable cause of (often and so far, 

permanent and irreversible) hearing damage. 
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