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Abstract: Hearing loss from the overuse of portable listening devices (PLDs), such as MP3 

players or iPods, is of great concern in the popular media. This review aims to discuss the current 

state of scientific knowledge about music-induced hearing loss from PLD use. This report evalu-

ates the literature on the risk to hearing from PLD use, the individual and psychological factors 

that influence PLD usage, and strategies for reducing exposure to music through PLDs. Specific 

interventions are reviewed, and several recommendations for designing interventions and for 

individual intervention in clinical practice are presented. Clinical recommendations suggested 

include the “80–90 rule” and the use of isolator-style earphones to reduce background noise.
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Introduction
As a public health concern, the potential for portable listening device (PLD) use to cause 

music-induced hearing loss (MIHL) has been a recent topic of concern in both popular 

and peer-reviewed literature. At present, a significant body of literature has established 

that exposure to high levels of sound and music can have a substantial, damaging 

effect on the auditory system. Moreover, the current generation of PLDs are capable 

of producing high-enough output levels to cause MIHL with extended exposure.1,2 To 

date, a small body of literature has identified that some, though certainly not all, PLD 

users have listening patterns that would put them at risk of developing hearing loss. 

This review aims to discuss the problem of MIHL due to overuse of PLDs, review the 

individual factors that influence adolescent attitudes and behaviors about PLD use, 

report on existing interventions aimed at reducing PLD use, and present guidelines 

for designing new interventions.

What is the risk from portable listening device use?
Auditory system dysfunction attributed to use of PLDs
With the exception of age-related hearing loss, noise-induced hearing loss (NIHL) 

is the most common form of acquired hearing impairment.3 A significant body of 

research indicates that adults exposed to high levels of sound for long durations are at 

a significant risk of hearing loss.4 Overexposure to sound can cause both temporary 

and permanent hearing loss by damaging structures within the cochlea, including outer 

hair cells, the stria vascularis, and the supporting cellular structures. More  specifically, 
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a subset of research has examined the changes in the auditory 

system related to PLD use. In order to evaluate the potential 

effects of PLD use on a larger scale, studies using large popu-

lation samples have evaluated the differences in the auditory 

system between PLD users and nonusers. 

Research using otoacoustic emissions (OAEs) as bio-

markers for cochlear damage due to overuse of PLDs has 

identified clinically significant differences between PLD 

users and nonusers. LePage and Murray5 identified decreased 

click-evoked OAE levels in some groups of personal stereo 

users compared to similar, nonexposed peers. In the youngest 

listener group, age 10–19 years, no significant differences 

in OAE levels were noted between PLD-exposure groups. 

In older listener groups up to age 59 years, listeners who 

reported little use of PLDs had significantly higher OAE 

levels than listeners reporting moderate or heavy PLD use. 

The authors suggested that a clear age effect was present in 

OAE levels for heavy PLD users compared to light users. 

Similar results were identified by Santaolalla Montoya et al,6 

who found decreased OAE levels in listeners who had used 

MP3 players for longer periods of time compared to listeners 

who had not used MP3 players. In this sample, the incidence 

of decreased OAE levels was greater for listeners who had 

used MP3 players for longer periods of time and for more 

hours per week. These age and overall-exposure effects sug-

gest that cochlear damage occurring due to PLD use may not 

show evidence in teenage years, but is measurable after an 

extended period of exposure.

Evaluation of hearing thresholds across populations can 

be used to observe the differences between people exposed to 

music from PLDs and people who do not use PLDs. Using a 

large sample, Meyer-Bisch7 found increased hearing thresh-

olds in groups that used portable cassette players, groups that 

attended discotheques, and groups that attended rock concerts 

when compared to age-matched control groups who did not 

participate in similar music-listening activities. An effect 

of duration of use of cassette players was also found, with 

subjects who used the devices more than 7 hours per week 

incurring worse hearing thresholds than those who listened 

between 2 and 7 hours per week. In a study with a smaller 

sample, Vinay and Moore8 found significantly worse hearing 

thresholds above 2,000 Hz in a group of eight men reporting 

use of PLDs than a similar group of six nonusers. The authors 

also identified that the group of PLD users had significantly 

higher frequency-discrimination thresholds for frequencies 

at 3–8 kHz than the control group of nonusers.

In a study of 490 middle and high school students, Kim 

et al9 identified significant worsening of hearing thresholds 

at 4 kHz in students who reported PLD use for greater than 

5 years compared to those who reported no PLD use. In 

addition, a group of students reporting greater than 15 years 

of PLD use had significantly worse hearing thresholds at 

4 kHz than students reporting less than 15 years of PLD 

use. A similar study by Peng et al10 of 150 university stu-

dents compared the hearing of a control group of students 

who had not used PLDs and groups of students reporting 

1–5 years of PLD use. In these subjects, significantly worse 

hearing thresholds at 3–20 kHz were identified in the PLD 

users than the control group. An additional study examining 

237 Canadian children found a similar association between 

hearing acuity and PLD use.11 Overall, these studies looking 

at audiometric thresholds consistently indicate that there is 

a significant impact of PLD use on hearing.

Sound-exposure levels from PLD use
When exposure due to PLD use is evaluated, the actual 

exposure measured over time must be considered. If the 

output levels of a device exceed the recommended exposure 

level (REL) for a specified damage-risk criterion (DRC), 

some concern arises that users could put themselves at risk 

of hearing loss. While several damage-risk criteria exist for 

industrial noise exposure across the world, there is no spe-

cific DRC that has been established for recreational noise 

exposure or music exposure. For the purposes of this review, 

risk of hearing loss will reference the DRC established by 

the US National Institute for Occupational Safety and Health 

(NIOSH).12 The NIOSH REL is set at a maximum exposure 

to 85 dBA for 8 hours a day with a 3 dB time-intensity trad-

ing ratio (exchange rate), which represents the increment of 

decibels that results in a halving of exposure time. Using the 

DRC, an individual’s exposure can be represented as a noise 

dose, where a 100% noise dose is equivalent to an 8-hour 

exposure at the REL. Noise dose is a cumulative measure, 

and exposures from individual activities in a given day are 

added together to calculate a total noise dose. Noise doses 

exceeding 100% would generally be considered to place the 

exposed individual at a higher-than-normal risk of acquiring 

hearing loss. Therefore, while it is indeed accurate to say that 

exposure to high levels of sound (.85 dBA) could increase 

the risk of MIHL, knowing an individual’s actual exposure 

is critical for assessing the true potential for MIHL.

It has been well established that PLDs are capable of 

producing high output levels. A significant body of litera-

ture in the 1970s–1990s identified high output levels from 

tape players, with maximum output levels ranging from 

98 to 114 dBA.13–17 Similarly, Fligor and Cox18 identified 
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maximum-output levels of compact disc players of between 

91 and 121 dBA, with significant variation in output levels 

from different styles of headphones. The current generation 

of digital PLDs is also capable of producing output levels 

that could increase the risk of acquiring MIHL when used 

for extended durations. Portnuff et al2 reported that  current 

devices produce maximum levels ranging from 97 to 

107 dBA, with average levels at 101.5 dBA for earbud-style 

earphones and 97 dBA for supra-aural-style earphones. 

Significant differences were noted for the output levels of 

earbud style, isolator style, and supra-aural-style earphones. 

Very similar output levels were identified by Keppler et al,19 

who found average maximum-output levels of 102.5 dBA 

for earbud-style earphones and 97 dBA for supra-aural-style 

earphones when coupled to an iPod Nano. In a larger study 

of output levels, Keith et al1 reported that output levels of 

PLDs could exceed those reported by both Portnuff et al2 and 

Keppler et al19 when using various aftermarket earphones. 

This study found output levels with stock earbuds ranging 

from 101 dBA to 107 dBA, with maximum-possible output 

levels reaching 120 dBA using a combination of players 

and higher-output earphones. These high levels underscore 

the presence of increased risk of MIHL for users listening 

at high levels.

While recognizing that the output levels of current-

generation PLDs are high enough to cause damage to the 

auditory system, we must evaluate how listeners use their 

devices to understand the actual risk of MIHL. Survey-based 

methods of assessment provide a view into the past behavior 

or future (intended) behavior of listeners. Generally, surveys 

of PLD users have reported an average of about 2 hours per 

day of listening time, though a substantial percentage of each 

sample had longer daily listening times, up to 8 hours per 

day.2,20–24 Considering the high potential output levels reported 

for digital PLDs, it is likely that some of these young adults 

would be exceeding a 100% noise dose.

Several studies have attempted to evaluate listeners’ 

chosen listening levels (CLLs) using direct measurement. 

Multiple researchers have evaluated this in a naturalistic 

environment, such as stopping PLD users on the street and 

taking measurements of their devices. Williams25 measured 

the CLLs of adult PLD users passing through noisy public 

areas by placing earphones on a mannequin, and found a 

mean CLL of 86.1 dBA. When self-reported listening times 

were taken into account, 25% of users exceeded 100% noise 

dose. A follow-up to this study using the same methods found 

a significantly lower mean CLL of 81.3 dBA, with 17% of 

listeners exceeding 100% noise dose.26 Several recent  studies 

have used a similar paradigm of mannequin measures in a 

public place to assess sound exposures. Levey et al27 mea-

sured the CLLs of people entering an urban university  campus 

in New York City. The researchers found average CLLs of 

92.6 dBA and an average weekly noise dose of 157%. Of 

this group of listeners, 51.9% exceeded a 100% weekly 

NIOSH noise dose from their PLD exposure. In a follow-up 

study with a similar paradigm, 57.2% of listeners exceeded 

a 100% weekly noise dose.28 Using similar methodology, 

Kähäri et al29 used a mannequin to measure the CLLs of 

PLD users in the central hall of a train station in Stockholm, 

Sweden. This study identified an average CLL of 83 dBA 

(range 73–102 dBA), and 46% of participants had CLLs 

exceeding 90 dBA.

Measurements in the laboratory of CLLs provide a more 

controlled view of how listeners use PLDs in varied environ-

ments. Several laboratory studies have identified that college-

age students choose levels to ensure audibility of music in a 

noisy environment. Specifically, as background-noise levels 

increase, so do CLLs.2,30,31 Additionally, when listeners use 

earphones that provide isolation from background noise, 

CLLs tend to be lower than when listeners use earphones 

with lower isolation.2,30

While these studies do suggest that there is significant 

concern that a substantial group of music consumers choose 

listening levels that are potentially hazardous to hearing, none 

of these studies reflects measures of behavior over time. In 

order to address this, Portnuff et al2 used a novel system of 

dosimetry to monitor the PLD use of a group of young adults 

(aged 18–29 years). Of the group of 24 subjects, 16.7% 

exceeded a 100% weekly noise dose. Furthermore, survey 

questions asking participants to describe their listening habits 

showed similar estimates of sound exposure to the dosimetry 

results. The authors thus suggested that self-reported LL and 

duration could be an accurate metric for estimating individual 

noise doses. In combination with the aforementioned studies, 

the data suggest that a small but substantial group of PLD 

users are exposed at a level that could increase their risk of 

acquiring MIHL.

Understanding individual factors 
that may influence listening behavior
Demographic factors
With the acknowledgment that at least a small group of ado-

lescents and young adults are putting themselves at risk of 

MIHL due to their PLD-use patterns, the immediate concern 

for intervention is to determine why this group engages in 

risky behavior. Certainly, more knowledge about this group 
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would be useful in order to create interventions. To date, 

little research has focused on understanding the differences 

between listeners who are at risk of MIHL and listeners 

who are not at risk. For large-scale educational interven-

tions, demographic details of these groups could provide 

some useful information. Indeed, some research suggests 

that certain groups may choose higher PLD LLs than oth-

ers. Age, for example, has been suggested anecdotally as a 

factor that may affect LLs. Limited research has supported 

this claim, showing that older teenagers choose higher levels 

than younger teenagers, though this finding has not been rep-

licated in users of digital PLDs.32,33 Mixed results have been 

found looking at sex differences, where several studies have 

found that males have higher overall calculated exposure than 

females.7,21,25,26,30,34 Other studies found some divided results, 

where males chose higher levels in quiet environments, but 

no differences were present in background noise.30,35 In con-

trast, other similar studies found no significant differences in 

CLL between males and females.36 One study in New York 

found that African-American PLD users were more likely to 

exceed RELs than Hispanic or white PLD users, but no sex 

differences were noted in listening patterns.28 More research 

is needed to assess whether there is any true difference in 

CLL related to sex, age, or ethnicity.

Attitudes toward noise and music
Individual attitudes toward noise and hearing loss may have 

an effect on the levels that listeners choose for their PLDs. 

In order to investigate attitudes regarding noise, Widén and 

Erlandsson37 created the Youth Attitudes to Noise Scale 

(YANS). The primary use of the YANS is to evaluate attitudes 

toward environmental sound exposure, but findings of this 

survey also provide a window into youth attitudes that may 

transfer to PLD use. In a survey of American college students, 

Widén et al38 combined the YANS with a survey of auditory 

symptoms and hearing-protector use. When compared to the 

results of the YANS, individuals reporting no hearing-loss 

symptoms had more positive attitudes toward noise than 

those who had self-reported hearing symptoms, regardless 

of whether or not they passed the hearing screening. Overall, 

self-experienced symptoms, including hearing loss, were 

more strongly related to antinoise attitudes than hearing 

loss alone. The authors suggested that a self-experienced 

symptom could serve as a trigger for later injury-preventive 

behaviors, and noted that this finding was consistent with 

Widén’s39 theory that self-experience may change an indi-

vidual’s self-perception of vulnerability to consequences of 

a risk-taking behavior. This theory explains the results of a 

survey by Bogoch et al,40 which showed that concert patrons 

who reported experiencing hearing loss were 3.2 times more 

likely to wear hearing protection than those who had not 

experienced hearing loss. Similarly, Rawool and Colligon-

Wayne41 found a significant association between the use of 

hearing protection during occupational noise exposure and 

experience with hearing loss in college students.

Overall, several trends appear in the limited research 

looking at adolescent attitudes toward PLD use. First, there 

seems to be a relatively high number of students who report 

understanding that high levels of sound can cause hearing 

loss, and that PLDs are capable of producing that level 

of output.23 Young adults tend to perceive hearing loss as 

a significant problem, though the level of concern about 

MIHL tends to be somewhat lower.24 Furthermore, several 

studies have suggested that teenagers and young adults may 

have a sense of invulnerability to hearing loss. In a series of 

structured interviews, Vogel et al42 asked adolescents about 

their PLD use and found that the teenagers underestimated 

their risk of and vulnerability to MIHL. Moreover, though 

the teenagers reported that problems related to hearing loss 

would be severe, few reported regular concern about MIHL 

due to their own use patterns. The lack of concern for MIHL 

in students who had not experienced symptoms of hearing 

loss is consistent with Widén’s39 theory that a sense of vulner-

ability comes from experience. However, some interviewees 

who reported having experienced temporary symptoms, 

such as tinnitus, assumed that the symptoms were always 

temporary, rather than an indicator of ongoing damage to 

the auditory system. The lack of concern in this subgroup 

may suggest that an individual’s change in mindset toward 

vulnerability requires a more permanent impact from PLD 

use to trigger a feeling of vulnerability.

In concert with this theoretical basis that experience 

mediates behavior, Widén and Erlandsson43 interviewed a set 

of young adults to assess how risk perception, self-image, 

and socially normative behavior influenced the perception of 

music as a means to create identity. The authors suggested that 

as discussed earlier, individuals who perceive a significant 

impairment from listening to loud music perceive themselves 

as vulnerable, and are more likely to take preventive actions. 

Similarly, the interviewees who reported that they considered 

the risk of exposure to loud sound as significant were more 

likely to demonstrate an external locus of control and could 

be influenced by external messaging. These interviewees 

also were more likely to effect changes to their environment 

via hearing protection or behavior modification. However, 

socially normative behaviors mediated the actions taken to 

reduce risk. The interviewees reported that when hearing 

protection use was not an acceptable norm, they were much 
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less likely to use it. Similarly, individuals stated that they 

were likely to follow the example of a social group instead 

of taking preventive behavior. The authors proposed that the 

impact of socially normative behavior on taking preventive 

actions must be considered in any intervention or model of 

behavior.43 Looking at a large survey data set, Gilliver et al44 

suggested that misperceptions of social norms related to 

listening behavior may decrease individual listeners’ percep-

tions of susceptibility to MIHL from PLD use. Specifically, 

these data suggest that individuals who believe that their peers 

listen at high volumes choose to mimic what they believe to 

be the social norm for listening behavior.

Sensation seeking and risk judgment
The CLLs of PLD users may also be reflective of the indi-

vidual’s personality, with specific focus on risk-taking and 

sensation-seeking preferences. Sensation seeking has been 

identified as a personality trait defined by the seeking of var-

ied, novel, complex, and intense sensations and experiences 

and the willingness to take risks for the sake of having these 

experiences.45 The act of listening to loud music at the risk 

of MIHL can be considered a sensation-seeking behavior.41 

The Arnett Inventory of Sensation Seeking itself makes the 

assumption that listening to loud music is a sensation-seeking 

behavior, and includes a question about preferring music to be 

loud.46 An offshoot of sensation seeking, the personality trait 

of risk taking, is also associated with a preference for loud 

sound. Adolescents who listen to heavy-metal music have been 

identified to score higher on the sensation-seeking inventory, 

as well as in an inventory of reckless behavior.47 Bohlin and 

Erlandsson48 combined the Adolescent Risk- Taking Question-

naire with the YANS and a survey of symptoms of auditory 

effects of noise. The Adolescent Risk-Taking Questionnaire 

measures risk judgments and risk behaviors by assessing 

how often the subject participates in a set of risky activities.49 

Bohlin and Erlandsson48 identified a correlation between 

generalized risk-taking behavior and risky behaviors related 

to loud noise, such as attending concerts and discos. Addition-

ally, within the adolescents studied, women were more likely 

than men to judge noisy situations as risky. Though not yet 

studied systematically, it seems likely that CLLs for PLD 

use would be related to an individual’s sensation-seeking or 

risk-taking attributes.

Psychological aspects of music listening
A wide variety of theoretical bases for the appeal of loud 

music have been presented from a large set of sources. As 

a part of youth culture, the loudness of music functions as 

a way to express deviance and separation from an older 

 generation.50 Anecdotally, adolescents and young adults 

have a higher tolerance for and enjoyment of music played at 

high volume than children and older adults, and loud music 

can be a defining characteristic for the identity of “youth”.51 

Music is a powerful stimulus for altering mood, and can even 

be used as treatment for auditory hallucinations.52,53 For the 

listener, a PLD can be used to drown out external noise and 

allow for the exertion of control over the individual’s auditory 

environment. In the urban environment, PLD use allows for 

the individual to shape their experiences through music.54 

Furthermore, PLD users report using their music as a tool 

to regulate affect, including moods and emotions.55 Beyond 

an individual’s perception, Hétu and Fortin56 described the 

experience of listening to amplified music in a discotheque 

as an immersion in a shared musical sound field. In the 

discotheque, music is a type of “mechanoacoustic arouser” 

that is energizing to young people. As dance-club music tends 

to have more salient low frequencies with rapid rhythm, the 

pulsation of music is perceived by the auditory and proprio-

ceptive systems as acoustic and vibratory sensations.56 As 

the vestibular (balance) system is sensitive to loud auditory 

input, as seen in the vestibular-evoked myogenic response, 

loud music may stimulate a pleasurable sensation from the 

saccule and utricle, the gravity-sensing organs within the 

vestibular system.57 Furthermore, movement can influence 

the auditory system’s perception of meter and rhythm, which 

may be mediated by the vestibular system.58

Loud music has also been recognized as having similar 

properties to addictive substances, such as drugs and alcohol. 

Certainly, loud music has commonalities with the major 

properties of addictive substances described by Donovan:59 

capacity to induce rapid changes in mood and level of arousal, 

ability to reduce negative states, and ability to induce the 

experience of craving. Adorno60 described an addiction to 

the distraction provided by music that comes from constant 

listening. One PLD user described her devices as “like 

a psychotropic drug”, and described cravings occurring 

when she did not have her device for an extended period of 

time.54 To examine music listening as an addictive behavior, 

Florentine et al61 adapted a validated alcoholism-screening 

test to develop the Northeastern Excessive Music Listening 

Survey. Of the 90 participants who completed the survey, 

eight scored in a range suggestive of maladaptive behavior, 

which is consistent with addiction.

When framed as an addictive behavior, listening to loud 

music can also be looked at as a psychological trade-off 

between the negative effects and the positive rewards on the 

body and mind. The negative consequences, both physical 

and perceived, have been described earlier in this paper. 
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Blesser and Salter62 provided a structure for understanding 

these rewards, framing the rewards within the categories 

of “altered states of consciousness” and “controlling the 

experience of social space”. The authors proposed that lis-

teners’ emotional responses to music could be mediated and 

amplified by loudness, suggesting that loudness represents 

a psychological construct of power and machismo, and that 

higher levels tend to intensify the enjoyment of music. An 

alteration of the listener’s state of consciousness is achieved 

by enhanced sensory input, fulfilling the need for sensation-

seeking behavior.45 The authors also considered the concept 

of soundscapes, or aural space, as an integral part of the 

perceived environment, and identify that music can change a 

perception of space by masking environmental sounds. Aural 

space can be shared with others in our “social space”. A loud 

music environment, then, changes the dominant auditory 

characteristics of the social space, altering a person’s percep-

tion of that space by focusing on the music rather than the 

venue. The use of headphones has the ability to modify one’s 

aural space and experience of the world, both by providing an 

altered soundscape and by modifying our ability to interact 

with others. As Blesser and Salter62 further suggested, any 

intervention to reduce music exposure must take into account 

the psychological rewards from music listening.

Strategies for reducing music 
exposure in PLD users
Guidelines for reducing music exposure
There are several well-established clinical guidelines that 

can be conveyed to users of PLDs. These guidelines are 

derived from the literature reviewed herein, and can be 

recommended for individuals who are PLD users. The two 

most direct recommendations are monitoring LLs and using 

isolator-style earphones. Listeners can be advised to monitor 

their listening time and duration and to adhere to the “80–90 

rule”. This rule, derived from the data of Portnuff et al,2 sug-

gests that an individual will remain around a 50% noise dose 

with exposure at 80% of the maximum volume of their PLD 

for 90 minutes per day. Though this recommendation is not 

precise, and levels can vary by the earphones used, it is a 

functional and realistic recommendation that can be used to 

educate music consumers and maintain a reasonable and safe 

standard for listening. Messages that use maximum-volume 

levels, such as “do not exceed 60% of the maximum volume”, 

may be scientifically correct, but are also highly restrictive 

and therefore may be ignored by adolescent PLD users.

The use of isolator-style earphones can significantly 

reduce LLs in noisy environments. Isolator-style earphones 

seal the ear canal and physically block out background noise. 

In most cases, CLL is related to the background-noise level 

rather than the absolute level of the playing device, and 

listeners prefer a significant, positive signal-to-noise ratio 

in order to hear and appreciate music. Indeed, in an 80 dBA 

environment, listeners choose an average level of 93 dBA, 

with over 80% of listeners choosing levels above 85 dBA in 

the ear.63 In a noisy environment, the signal-to-noise ratio can 

be improved by reducing background noise through the use 

of isolator-style earphones, which physically block out back-

ground noise. Use of these earphones in a loud environment 

like an aircraft cabin or public transit can significantly reduce 

CLLs.2,63 Adolescent PLD users should thus be advised to use 

isolating earphones in noisy situations, when ambient-noise 

reduction does not impede other safety concerns.

Established interventions: specific to PLDs
In order to report on interventions for preventing MIHL 

from PLD use, a variety of literature searches were con-

ducted using various databases, including PubMed, Web 

of Science, and Google Scholar. Only one intervention 

program that was specific to PLD use was identified in the 

peer-reviewed  literature. The Cheers for Ears curriculum 

(www.cheersforears.org.au) is a program of the Ear Science 

Institute Australia that consists of a multimodal classroom 

presentation that provides lecture, group discussions, written 

materials, and auditory simulations of hearing loss with the 

aim of raising knowledge about MIHL from PLDs and chang-

ing attitudes and behaviors in 9- to 13-year-old students.64 

In a pilot study of the Cheers for Ears program, program 

implementation led to a significant decrease in self-reported 

sound exposure 6 weeks following the classroom presenta-

tion. Unfortunately, though, that survey also showed that 

26% of the program participants reported that their listening 

behavior was potentially damaging to hearing, reflecting that 

the program did not change the behavior of a significant 

portion of the students.

Other programs designed to reduce overall noise exposure 

in children and young adults have been presented in a variety 

of ways. Several of these programs include some information 

about PLD use in their curricula. The Dangerous Decibels 

program (www.dangerousdecibels.org) includes PLD safety 

as a part of overall NIHL prevention, and has shown signifi-

cant changes in knowledge about NIHL and attitudes about 

hearing-loss prevention.65–67 Moreover, music-safety curricula 

have been incorporated into programs designed to prevent 

hearing loss from farm noise, discotheques, and concert 

sound, as well as other areas.37,38,68,69
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Additionally, several programs have created information 

campaigns to attempt to reduce sound exposure, including the 

It’s a Noisy Planet: Protect Their Hearing program from NIOSH 

(www.noisyplanet.nidcd.nih.gov), the Iets Minder is de Max 

program of the Belgian government (www. ietsminderisdemax.

be), the Turn It to the Left program of the American Academy 

of Audiology (www.turnittotheleft.org), and the Listen to Your 

Buds program of the American Speech–Language–Hearing 

Association (www.listentoyourbuds.org). Each of these, and 

certainly many other similar programs, is designed to educate 

children and adults about the risks of PLD overuse. The Iets 

Minder is de Max program showed an increase in intention to 

use hearing protection and in actual use of hearing protection 

for students who saw the campaign.70 Beyond this program, 

though, there are few data that show that public-awareness 

campaigns lead to changes in attitudes and behavior related to 

PLD use, and more research is needed to evaluate long-term 

impacts from these types of campaigns.

Guidelines for creating interventions
Examination of the interventions aimed at preventing MIHL 

from PLD overuse shows several aspects that are keys to 

programmatic success. First, any public health intervention 

should be based on an established health-behavior model, 

such as the health-belief model,71 the theory of reasoned 

action,72 or the protection-motivation theory.73 Each of these 

models provides a set of underlying constructs that can be 

evaluated as outcomes of the program. Interventions may 

be large-scale public-awareness campaigns, smaller-scale 

classroom curricula, or individual intervention by medical 

providers. At present, there is a dearth of research on the 

effectiveness of interventions designed to prevent MIHL 

from PLD use, and future interventions should be designed 

with a plan to evaluate their effectiveness both at the time of 

the intervention and in the long term.

Though specific topic areas for a curriculum may vary 

based on the exact aims of the program, there are several 

key pieces to include. Table 1 shows a summary of the rec-

ommended content areas provided by Punch et al,74 which 

provides a reasonable road map for a program that should be 

presented in multimodal, age-appropriate media.65 Beyond 

those specific knowledge areas, gaining experience with 

the effects of hearing loss may help to change adolescent atti-

tudes toward the severity of hearing loss. Adolescents may feel 

that they are invulnerable to MIHL, or that a cure for hearing 

loss will be available within their lifetimes. Conveying that 

hearing loss is permanent and likely is critical for confronting 

false beliefs about MIHL. Moreover, hearing-loss simulations 

may allow adolescents to see both the severity of hearing loss 

and that they are potentially susceptible to MIHL.

Furthermore, curricula should be formed with acknowl-

edgment of the psychological and social issues surrounding 

music and PLD use, many of which have been reviewed herein. 

Any intervention must address socially normative issues, 

including addressing inaccurate beliefs about peer behav-

ior.43,44 If adolescents believe that all of their peers are listening 

at high levels, they have little social incentive to reduce their 

exposure. However, as reviewed herein, the vast majority of 

PLD users choose safe LLs, with only a smaller percentage 

(around 16%) choosing potentially unsafe levels.2 Addition-

ally, it would be detrimental to discount the importance of 

music listening to youth culture in general. Care should be 

taken to avoid demonizing music, PLDs, or PLD users, as this 

can result in rejection of the preventive message.

At the individual level, primary care and hearing health 

care professionals may have the opportunity directly to 

evaluate and counsel a PLD user about safe listening. This 

evaluation should include an audiological evaluation (includ-

ing audiometry and OAEs) and an evaluation of how the 

listener uses his or her PLD. Evaluating usage patterns can 

help to assess whether the individual is at risk of MIHL from 

their usage. Individual counseling may include discussions 

of their own exposure, their earphones, and their listening 

environments (noting that listeners choose higher levels in 

higher background-noise environments). Furthermore, indi-

viduals who have preexisting hearing loss may incur greater 

impairment from hearing-loss progression caused by noise 

or music exposure. These individuals may be counseled to 

be conservative in their listening habits.

Table 1 Recommended curriculum components of a hearing-
conservation program for portable listening device users

Hearing loss
 Hearing loss occurs gradually, invisibly, and incipiently in development.
  Hearing loss has significant impacts on communication and social 

relationships.
Prevention techniques
 ‘80–90 rule’ may help to prevent overexposure.
 Use of isolating earphones in noisy environments is recommended.
 Presence of temporary tinnitus suggests overexposure.
  Healthy listening behaviors should extend to other noisy activities, 

including the use of hearing protection in noise.
Other safety messages
 Music and earphones should not impede conversation.
  Music can mask auditory warning signals, such as sounds of traffic on 

a busy street.
  earphones should not be worn when operating a motor vehicle or 

bicycle.

Note: information summarized from Punch et al.74
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Conclusion
Overall, research evidence is clear that a small but substantial 

group of adolescent PLD users place themselves at risk of 

MIHL from their daily listening habits. Furthermore, there 

are many factors that affect music-listener attitudes and 

beliefs toward hearing loss. Adolescents have an intricate 

relationship with music and portable devices, which has 

wide-ranging effects on their listening behavior. Interven-

tions designed to reduce PLD overuse must recognize these 

psychological factors and incorporate pertinent aspects of an 

individual’s beliefs into their program design. While several 

programs do exist, some of which have shown some good 

efficacy in early data, more research is needed to develop 

consistently successful interventions designed to promote 

healthy use of PLDs.

Acknowledgments
The author would like to acknowledge and thank Drs Jamie 

Bogle and Stacy Claycomb for their editorial assistance on 

this paper. Parts of this work were sourced from the author’s 

unpublished PhD dissertation literature review. Thanks also 

to the author’s primary dissertation advisor, Dr Kathryn 

Arehart, for her support and readings of early drafts of sec-

tions of this paper.

Disclosure
The author reports no conflicts of interest in this work.

References
1. Keith SE, Michaud DS, Chiu V. Evaluating the maximum playback 

sound levels from portable digital audio players. J Acoust Soc Am. 
2008;123:4227–4237.

2. Portnuff CD, Fligor BJ, Arehart KH. Teenage use of portable listening 
devices: a hazard to hearing? J Am Acad Audiol. 2011;22:663–677.

3. [No authors listed]. Consensus conference: noise and hearing loss. JAMA. 
1990;263:3185–3190.

4. Royster JD. Noise-induced hearing loss. In: Northern JL, editor. Hear-
ing Disorders. 3rd ed. Needham Heights (MA): Allyn and Bacon; 
1995:177–189.

5. LePage EL, Murray NM. Latent cochlear damage in personal stereo 
users: a study based on click-evoked otoacoustic emissions. Med J Aust. 
1998;169:588–592.

6. Santaolalla Montoya F, Ibargüen AM, Vences AR, del Rey AS, 
Fernandez JM. Evaluation of cochlear function in normal-hearing young 
adults exposed to MP3 players by analyzing transient evoked otoacous-
tic emissions and distortion products. J Otolaryngol Head Neck Surg. 
2008;37:718–724.

7. Meyer-Bisch C. Epidemiological evaluation of hearing damage related 
to strongly amplified music (personal cassette players, discotheques, 
rock concerts) – high-definition audiometric survey on 1364 subjects. 
Audiology. 1996;35:121–142.

8. Vinay SN, Moore BC. Effects of the use of personal music players on 
amplitude modulation detection and frequency discrimination. J Acoust 
Soc Am. 2010;128:3634–3641.

9. Kim MG, Hong SM, Shim HJ, Kim YD, Cha CI, Yeo SG. Hearing 
threshold of Korean adolescents associated with the use of personal 
music players. Yonsei Med J. 2009;50:771–776.

 10. Peng JH, Tau ZZ, Huang ZW. Risk of hearing damage from personal 
listening devices in young adults. J Otolaryngol. 2007;36:181–185.

 11. Feder K, Marro L, Keith SE, Michaud DS. Audiometric thresholds 
and portable digital audio player user listening habits. Int J Audiol. 
2013;52:606–616.

 12. National Institute for Occupational Safety and Health. Occupational 
Noise Exposure: Revised Criteria 1998. Cincinnati (OH): NIOSH; 
1998.

 13. Airo E, Pekkarinen J, Olkinuora P. Listening to music with head-
phones: an assessment of noise exposure. Acta Acust United Acust. 
1996;82:885–894.

 14. Catalano PJ, Levin SM. Noise-induced hearing loss and portable radios 
with headphones. Int J Pediatr Otorhinolaryngol. 1985;9:59–67.

 15. Felchlin I, Hohmann BW, Matefi L. Personal cassette players: a hazard to 
hearing? In: Prasher D, Luxon L, Pyykko I, editors. Advances in Noise 
Research: Protection Against Noise. Vol 2. London: Whurr Publishers 
Ltd; 1998:95–100.

 16. Katz AE, Gerstman HL, Sanderson RG, Buchanan R. Stereo earphones 
and hearing loss. N Engl J Med. 1982;307:1460–1461.

 17. Wood WS, Lipscomb DM. Maximum available sound-pressure levels 
from stereo components. J Acoust Soc Am. 1972;52:484–487.

 18. Fligor BJ, Cox LC. Output levels of commercially available portable 
compact disc players and the potential risk to hearing. Ear Hear. 
2004;25:513–527.

 19. Keppler H, Dhooge I, Maes L, et al. Short term auditory effects of 
listening to an MP3 player. Arch Otololaryngol Head Neck Surg. 
2010;136:538–548.

 20. Ahmed S, King M, Morrish TW, Zaszewska E, Pichora-Fuller K. 
A survey of the use of portable audio devices by university students. 
Can Acoust. 2006;34:64–65.

 21. Torre P. Young adults’ use and output level settings of personal music 
systems. Ear Hear. 2008;29:791–799.

 22. Portnuff CD, Fligor BJ, Arehart KH. Self-report and long-term field 
measures of MP3 player use: how accurate is self-report? Int J Audiol. 
2013;52 Suppl 1:S33–S40.

 23. Danhauer JL, Johnson CE, Byrd A, et al. Survey of college students on 
iPod use and hearing health. J Am Acad Audiol. 2009;20:5–27.

 24. Hoover A, Krishnamurti S. Survey of college students’ MP3  listening: 
habits, safety issues, attitudes and education. Am J Audiol. 2010;19: 
73–83.

 25. Williams W. Noise exposure levels from personal stereo system use. 
Int J Audiol. 2005;44:231–236.

 26. Williams W. Trends in listening to personal stereos. Int J Audiol. 
2009;48:784–788.

 27. Levey S, Levey T, Fligor BJ. Noise exposure estimates of urban MP3 
player users. J Speech Lang Hear Res. 2011;54:263–277.

 28. Fligor BJ, Levey S, Levey T. Cultural and demographic factors influenc-
ing noise exposure estimates from use of portable listening devices in an 
urban environment. J Speech Lang Hear Res. 2014;57:1535–1547.

 29. Kähäri KR, Aslund T, Olsson J. Preferred sound levels of portable music 
players and listening habits among adults: a field study. Noise Health. 
2011;13:9–15.

 30. Fligor BJ, Ives T. Does earphone type affect risk for recreational noise-
induced hearing loss? 2006. Available from: http://www.etymotic.com/
media/publications/erl-0136-2006.pdf. Accessed December 18, 2015.

 31. Hodgetts WE, Rieger JM, Szarko RA. The effects of listening environ-
ment and earphone style on preferred listening levels of normal hearing 
adults using an MP3 player. Ear Hear. 2007;28:290–297.

 32. Ising H, Hanel J, Pilgramm M, Babisch W, Lindthammer A. [Risk of 
hearing loss caused by listening to music with head phones]. HNO. 
1994;42:764–768. German.

 33. Maassen M, Babisch W, Bachmann KD, et al. Ear damage caused by 
leisure noise. Noise Health. 2001;4:1–16.

 34. Mercier V, Hohmann BW. Is electronically amplified music too loud? 
What do young people think? Noise Health. 2002;4:47–55.

 35. Worthington DA, Siegel JH, Wilber LA, et al. Comparing two methods 
to measure preferred listening levels of personal listening devices. 
J Acoust Soc Am. 2009;125:3733–3741.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.etymotic.com/media/publications/erl-0136-2006.pdf
http://www.etymotic.com/media/publications/erl-0136-2006.pdf


Adolescent Health, Medicine and Therapeutics

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/adolescent-health-medicine-and-therapeutics-journal

Adolescent Health, Medicine and Therapeutics is an international, 
peer-reviewed, open access journal focusing on health, pathology, 
and treatment issues specific to the adolescent age group. All aspects 
of health maintenance, preventative measures and disease treatment 
interventions are addressed within the journal and practitioners from 

all disciplines are invited to submit their work as well as healthcare 
researchers and patient support groups.. The manuscript management 
system is completely online and includes a very quick and fair peer-
review system. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.

Adolescent Health, Medicine and Therapeutics 2016:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

35

Preventing hearing loss from portable listening devices

 36. Kumar A, Mathew K, Alexander SA, Kiran C. Output sound pressure 
levels of personal music systems and their effect on hearing. Noise 
Health. 2009;11:132–140.

 37. Widén SE, Erlandsson SI. The influence of socio-economic status on 
adolescent attitude to social noise and hearing protection. Noise Health. 
2004;7:59–70.

 38. Widén SE, Holmes AE, Johnson T, Bohlin M, Erlandsson SI. Hearing, 
use of hearing protection and attitudes towards noise among young 
American adults. Int J Audiol. 2009;48:537–545.

 39. Widén SE. Noise and music: a matter of risk perception? 2006. Avail-
able from: https://gupea.ub.gu.se/handle/2077/714?locale=sv. Accessed 
December 18, 2015.

 40. Bogoch I, House RA, Kudla I. Perceptions about hearing protection and 
noise-induced hearing loss of attendees of rock concerts. Can J Public 
Health. 2005;96:69–72.

 41. Rawool VW, Colligon-Wayne LA. Auditory lifestyles and beliefs related 
to hearing loss among college students in the USA. Noise Health. 
2008;10:1–10.

 42. Vogel I, Brug J, Hosli EJ, van der Ploeg CP, Raat H. MP3 players and 
hearing loss: adolescents’ perceptions of loud music and hearing con-
servation. J Pediatr. 2008;152:400–404.e1.

 43. Widén SE, Erlandsson SI. Risk perception in musical settings – a 
qualitative study. Int J Qual Stud Health Well-being. 2007;2:33–44.

 44. Gilliver M, Macoun D, Williams W, Carter L, Rosen J. Music to whose 
ears? The effect of social norms on young people’s risk perceptions of 
hearing damage resulting from their music listening behavior. Noise 
Health. 2012;14:47–51.

 45. Zuckerman M, Eysenck S, Eysenck HJ. Sensation seeking in England 
and America: cross-cultural, age, and sex comparisons. J Consult Clin 
Psychol. 1978;46:139–149.

 46. Arnett J. Sensation seeking: a new conceptualization and a new scale. 
Pers Individ Dif. 1994;16:289–296.

 47. Arnett J. Heavy metal music and reckless behavior among adolescents. 
J Youth Adolesc. 1990;20:573–592.

 48. Bohlin M, Erlandsson SI. Risk behavior and noise exposure among 
adolescents. Noise Health. 2007;9:55–63.

 49. Gullone E, Moore S, Moss S, Boyd C. The Adolescent Risk-Taking 
Questionnaire: development and psychometric evaluation. J Adolesc 
Res. 2000;15:231–250.

 50. Dotter D. Rock and roll is here to stay: youth subculture, deviance, and 
social typing in rock’s early years. In: Epstein J, editor. Adolescents 
and Their Music: If It’s Too Loud, You’re Too Old. New York: Garland 
Science; 1994:87–114.

 51. Weinstein D. Expendable youth: the rise and fall of youth culture. In: 
Epstein J, editor. Adolescents and Their Music: If It’s Too Loud, You’re 
Too Old. New York: Garland Science; 1994:67–85.

 52. Bruner GC. Music, mood, and marketing. J Mark. 1990;54:94–104.
 53. Johnston O, Gallagher AG, McMahon PJ, King DJ. The efficacy of using 

a personal stereo to treat auditory hallucinations: preliminary findings. 
Behav Modif. 2002;26:537–549.

 54. Simun M. My music, my world: using the MP3 player to shape experi-
ence in London. New Media Soc. 2009;11:921–941.

 55. Skånland MS. Everyday music listening and affect regulation: the role 
of MP3 players. Int J Qual Stud Health Well-being. 2013;8:1–10.

 56. Hétu R, Fortin M. Potential risk of hearing damage associated with 
 exposure to highly amplified music. J Am Acad Audiol. 1995;6: 
378–386.

 57. Todd NP, Cody FW. Vestibular responses to loud dance music: 
a physiological basis of the “rock and roll threshold”? J Acoust Soc 
Am. 2000;107:496–500.

 58. Phillips-Silver J, Trainor JL. Vestibular influence on auditory metrical 
interpretation. Brain Cogn. 2008;67:94–102.

 59. Donovan DM. Assessment of addictive behaviors: implications of 
an emerging biopsychosocial model. In: Donovan DM, Marlatt GA, 
 editors. Assessment of Addictive Behaviors. New York: Guilford Press; 
1988:3–48.

 60. Adorno T. Introduction to the Sociology of Music. New York: Con-
tinuum; 1976.

 61. Florentine M, Hunter W, Robinson M, Ballou M, Buus S. On 
the behavioral characteristics of loud-music listening. Ear Hear. 
1998;19:420–428.

 62. Blesser B, Salter LR. The unexamined rewards for excessive loudness. 
2008. Available from: http://www.icben.org/2008/pdfs/blesser_salter.
pdf. Accessed December 18, 2015.

 63. Portnuff CD. Music-induced hearing loss from portable listening 
devices: factors that influence risk behaviors. 2011. Available from: 
http://search.proquest.com/docview/916612805. Accessed December 
18, 2015.

 64. Taljaard D, Leishman N, Eikelboom R. Personal listening devices and 
the prevention of noise induced hearing loss in children: the Cheers for 
Ears pilot program. Noise Health. 2013;15:261–268.

 65. Griest SE, Folmer RL, Martin WH. Effectiveness of “dangerous deci-
bels,” a school-based hearing loss prevention program. Am J Audiol. 
2007;16:S165–S181.

 66. Dell S, Holmes A. The effect of a hearing conservation program on 
adolescents′ attitudes towards noise. Noise Health. 2012;14:39–44.

 67. Knobel KA, Lima MC. Effectiveness of the Brazilian version of the 
Dangerous Decibels(®) educational program. Int J Audiol. 2014;53 
Suppl 2:S35–S42.

 68. Sherman CR, Azulay Chertok IR. Review of interventions to increase 
hearing protective device use in youth who live or work on farms. J Clin 
Nurs. 2014;23:3–12.

 69. Weichbold V, Zorowka P. Can a hearing education campaign for 
adolescents change their music listening behavior? Int J Audiol. 
2007;46:128–133.

 70. Gilles A, Paul VD. Effectiveness of a preventive campaign for noise-
induced hearing damage in adolescents. Int J Pediatr Otorhinolaryngol. 
2014;78:604–609.

 71. Rosenstock IM. Historical origins of the health belief model. Health 
Educ Behav. 1974;2:328–335.

 72. Fishbein M, Azjen I. Belief, Attitude, Intention and Behavior: An 
Introduction to Theory and Research. Reading (MA): Addison-Wesley; 
1975.

 73. Rogers RW. Cognitive and physiological processes in fear appeals 
and attitude change: a revised theory of protection motivation. In: 
Cacioppo J, Petty R, editors. Social Psychophysiology: A Sourcebook. 
New York: Guilford Press; 1983:153–176.

 74. Punch JL, Elfenbein JL, James RR. Targeting hearing health messages 
for users of personal listening devices. Am J Audiol. 2011;20:69–82.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/adolescent-health-medicine-and-therapeutics-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://gupea.ub.gu.se/handle/2077/714?locale=sv
http://www.icben.org/2008/pdfs/blesser_salter.pdf
http://www.icben.org/2008/pdfs/blesser_salter.pdf
http://search.proquest.com/docview/916612805

	Publication Info 2: 
	Nimber of times reviewed: 


