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ABSTRACT
Many young people are potentially at risk of noise-induced hearing loss 
due to unsafe use of personal listening devices. The aim of this cross- 
sectional study was to examine the association of sociodemographic 
factors and risk behavior with unsafe use of personal listening devices in 
adolescents to identify a target group for prevention. A smartphone 
application was developed to objectively measure music listening habits 
among 314 adolescents with a mean age of 13 years and 7 months (SD ±5  
months). Listening habits were characterized as safe or unsafe based on 
the weekly noise dose. Data on sociodemographic factors and traditional 
health risk behaviors were obtained by questionnaires. Within the study 
group, 10.5% of the participants exceeded the 50%, and 4.8% the 100% 
recommended weekly noise dose. Adolescents with a lower socioeco-
nomic status were more likely to engage in unsafe listening habits as 
compared to adolescents with a higher socioeconomic status. 
Additionally, risk behavior was associated with higher odds of having 
unsafe listening habits as compared to no risk behavior. Age, sex and 
educational levels were not significantly associated with unsafe listening 
habits. The findings of the present study indicate that interventions to 
promote safe listening habits should target adolescents with a lower 
socioeconomic status and higher risk behavior. Future research is needed 
to investigate how these adolescents can be motivated to adopt safe 
listening habits.
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Introduction

Today, up to 95% of the population in developed countries owns a smartphone, often with an 
integrated music player (Anderson and Jiang 2018). This development has raised concerns over its 
effect on hearing, especially among young people, who are more likely to engage in unhealthy 
listening behavior compared to other age groups (Fligor et al. 2014; Gilliver et al. 2017; Feder et al. 
2019). Continued exposure to excessive noise is known to induce metabolic and mechanical 
changes causing cell death and physical loss of integrity of hair cells, which results in irreversible 
hearing loss (Le et al. 2017). As hearing loss is considered a substantial contributor to the global 
burden of disease, prevention is of great importance (Haile et al. 2021).
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As not every young person who uses a personal listening device is at risk of hearing damage, it 
should be decided on to whom preventive interventions should be directed. Identifying determi-
nants of unsafe listening habits may help to define target groups for prevention. Specific socio-
demographic factors have been found to influence listening habits such as age, sex, educational level 
and socioeconomic status (Vogel et al. 2007; Portnuff 2016). For example, males are reported to be 
more likely to engage in unsafe listening compared to females (Torre Iii 2008; Dreher et al. 2018; 
Basu et al. 2019). With regard to the educational level, a lower educational level is significantly 
associated with unsafe listening habits among adolescents (Vogel et al. 2009; Dreher et al. 2018). An 
association between socioeconomic status and adolescents’ attitude and behavior towards loud 
sounds has previously been described by Widen and Erlandsson (Widén and Erlandsson 2004). The 
authors showed that adolescents with a higher socioeconomic status are more concerned about the 
risk of hearing loss due to excessive noise and use hearing protection more often compared to their 
peers with a lower socioeconomic status.

In addition to these sociodemographic factors, several studies reported a correlation between 
self-reported unsafe listening habits and more traditional risk behaviors including smoking, alcohol 
consumption, cannabis use and unprotected sexual intercourse (Bohlin and Erlandsson 2007; Vogel 
et al. 2012; Parsons et al. 2019). Adolescence is a period of transition between childhood and 
adulthood, and compared to other life periods characterized by many physical and psychological 
changes, among others an increase in risk behavior (Steinberg 2008). This includes adolescent 
behavior towards noise exposure but also other health risk behaviors, which may explain the 
correlation found.

At present, the measurement of music listening habits remains a challenge for researchers, with 
many of the available methodologies limited by a lack of validity, such as the use of self-reports 
(Kaplan-Neeman et al. 2017; Paping et al. 2021). Self-reports are convenient and low costs, but 
sensitive to recall bias. Moreover, self-reports measuring listening habits at a single point in time do 
not take into account that listening habits are variable. In search of ways to objectively monitor 
noise exposure from smartphones, we developed a smartphone application that was able to collect 
data on listening habits in a large population-based cohort of adolescents. The aim of the present 
study was to examine the association of sociodemographic factors and risk behavior with objectively 
measured unsafe music listening habits among adolescents using personal listening devices to 
identify target groups for prevention. We hypothesized that both sociodemographic factors and 
risk behavior have an impact on listening habits, and could help in identifying high-risk groups.

Methods

Study design and population

sectional study was embedded in the Generation R study, a population-based prospective birth 
cohort study in Rotterdam, the Netherlands. The design and population have been described 
previously (Kooijman et al. 2016). The study was approved by the Medical Ethical Committee at 
Erasmus Medical Center. Written informed consent was obtained from all participants and their 
parents. Adolescents aged 12–17 years who visited the research center at the Erasmus Medical 
Center between May 2017 and September 2019 were invited to participate in this sub-study. To be 
eligible to participate, adolescents needed to have a smartphone. The first version of the smartphone 
application was designed for smartphones running the Android operation only. The updated 
version, available from April 2019 onwards, was able to run on iOS smartphones as well. Of the 
3,237 adolescents who visited the research center, 978 (30.2%) had a smartphone and agreed to 
participate in this sub study. Of these participants, 484 (49.5%) installed and started the application. 
We excluded participants with a OnePlus smartphone as listening levels were incorrectly converted 
(n = 2), participants whose listening habits were monitored less than 7 days as this monitoring was 
considered too short (n = 65), or more than 40 days as participants automatically received an 
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overview of their listening habits at the end of the monitoring period that may have influenced their 
listening habits thereafter (n=4). Last, participants who did not listen to music or a video with 
headphones at least once while the application was active were excluded as we cannot rule out that 
the application was set to be inactive (n = 99) (Figure 1).

Smartphone application

The application was overseen by the departments of Communication, Security, Legal Affairs and 
the Data Protection of the Erasmus Medical Center. Several rounds of technical development and 
field testing were conducted to confirm the accuracy and reliability of the application before the 
application was implemented within the Generation R Study. The application was specifically 

 Participants visiting the research center 
between April 2019 and September 2019 

(Second version application) 

n= 309 

n= 14 
Technical issues application 
n= 9 
Not invited to participate due to a 
lack of time or personnel 
n= 64 
No consent or no smartphone 
n=5 
Unknown 

Participants with an Android or iOS 
smartphone receiving credentials 

n= 217 

Participants that installed the application 
 

n= 113 

n= 104 
Application not installed 

Participants visiting the research center 
between May 2017 and March 2019  

(First version application) 

n= 2,928 

Participants that installed the application 
 

n= 371 

Participants with an Android smartphone 
receiving credentials 

n= 761 

Participants whose listening habits were 
monitored over a period of 7 to 40 days 

 
n= 314  

n= 24 
Technical issues application 
n= 18 
Not invited to participate due to a lack 
of time or personnel 
n= 1,965 
No consent or no (Android) 
smartphone 
n= 160 
Unknown 

n= 2 
Incorrectly converted listening levels 
n= 56 
Duration of assessment <7 days 
n= 2 
Duration of assessment or time 
between first and last measurement 
>40 days 
n= 28 
No data on listening habits  

n = 390 
Application not installed 

n= 9 
Duration of assessment <7 days 
n= 2 
Duration of assessment or time 
between first and last measurement 
>40 days 
n= 71 
No data on listening habits  

Figure 1. Flowchart of the study population.
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aimed to record listening habits, that is, the frequency, duration and listening level. The applica-
tion was available for free through Google Play and Apple store. Minimal storage capacity was 
required, and the power consumption was low. Participants were able to use their own ear- or 
headphones. A unique username and password were required to login, provided during partici-
pants’ visit at the research center. The application ran constantly in the background to collect data 
on listening habits. The specific methodology on how listening habits were recorded has been 
described previously (Paping et al. 2021). Although the assessment duration was intended to be 
35 days, participants could delete the application at any time. The data recorded by the applica-
tion were transferred to a secured online server every time the smartphone was connected to Wi- 
Fi.

Weekly noise dose calculations

Consistent with previous studies, weekly noise doses were calculated on the basis of occupational 
safety standards. The National Institute for Occupational Safety and Health (NIOSH) defines 
a time-weighted average of 85 dBA for an 8-hour period as the maximum recommended noise 
dose per day (National Institute for Occupational Safety and Health 1998). For every 3 dB 
increase in noise level, the allowable exposure time is reduced by half. Exposures from individual 
activities in a given day are added together to calculate the daily noise dose. The maximum 
recommended weekly noise dose is attained when the daily noise dose is exceeded 5 out of 7  
days.

The data collected by the application were used to calculate participants’ average weekly noise 
dose in several stages. First, we converted the listening levels into estimated output levels in dBA 
using the regression equation of Williams et al. (Williams et al. 2010), presented by:

Sound level dBAð Þ ¼ 0:5904� volume level %ð Þ þ 38:78 

Hereafter, daily noise doses were calculated, using the following formula:

D ¼
C1
T1
þ

C2
T2
þ . . .þ

Cn
Tn
� 100 

D= daily noise dose (in percentages)
Cn= total time of exposure at a specified noise level (in minutes)
Tn= exposure time at which noise for this specified noise level becomes hazardous (in minutes)
The exposure time at which noise for a specified noise level becomes hazardous was calcu-

lated by:

Tn ¼
480
2L� 85

3 

Tn = exposure time at which noise for this level becomes hazardous (in minutes)
L= exposure level (in dBA)
Last, the weekly noise doses were calculated by multiplying the denominators of the equation of 

the daily noise dose by 5, and summing in this equation over a week. As some of the listeners in the 
present study did not listen for an inter number of weeks, the average weekly noise dose was 
calculated by summing over the entire participation period and dividing by the number of weeks in 
which they participated.

Unsafe listening habits

Two definitions of unsafe listening habits were used, namely an average weekly noise dose >50%, 
assuming that adolescents are exposed also to other sources of recreational noise exposure, and an 
average weekly noise dose >100%.
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Covariates

Sociodemographic factors
Data on sociodemographic characteristics (age, sex, educational level and socioeconomic status) 
were obtained through parental questionnaires at the age of 13 years. The educational level of the 
participant was defined as lower (primary education only or preparatory secondary vocational 
education), intermediate (senior general secondary education), or higher (university preparatory 
education) (Statistics Netherlands 2021). Household income was used as marker for socioeconomic 
status, and was classified as below the national average (<€2800), or equal to or above the national 
average (≥€2800).

Risk behavior
Participants were asked to complete a computerized questionnaire on risk behavior during their 
visit to the research center. The risk-taking questionnaire included questions on any substance use, 
specifically tobacco, alcohol, and cannabis, as well as sexual activity. Smoking on average more than 
one cigarette a month, an episode of being drunk, drinking more than 3 glasses of alcohol on one 
occasion, smoking cannabis and having unsafe sexual intercourse in the past year were considered 
risk behaviors. Participants were categorized in two groups: not engaging in risk behavior and 
engaging in any of the risk behavior. To reduce the risk of social desirability bias, participants 
completed the questionnaire in a private setting and were able to skip questions if they did not want 
to share this sensitive information.

Statistical analyses

Descriptive statistics were used to evaluate the characteristics of the study population and listening 
habits. Continuous data were described as mean (standard deviation (SD)) when normally dis-
tributed, or median (interquartile range (IQR)) when not normally distributed. Between-group 
differences were analyzed using χ2 statistics and independent t-tests. To examine whether non- 
response was selective, we compared the baseline characteristics and listening habits of adolescents 
included and excluded from the analyses. Multivariable logistic regression models were used to 
examine the association of the sociodemographic factor age, sex, educational level, socioeconomic 
status and risk behavior with unsafe listening habits. The correlation between the variables was 
assessed, to ensure multicollinearity was not present. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated. Missing data in covariates were imputed using the multiple 
imputation method using chained equations to select the most likely value for a missing response. 
Ten imputed datasets were generated. As no major differences in the magnitude or direction of the 
effect estimates were observed between analyses with imputed missing data and complete cases 
only, we only present the pooled results based on imputed datasets. Two-tailed tests were used for 
all analyses with statistical significance accepted at p < .05. Statistical analyses were performed using 
SPSS version 24.0 for Windows software (SPSS Inc).

Results

A total of 314 participants with a mean age of 13 years and 7 months (SD ±5 months) were included, of 
whom 51.6% were males. Table 1 gives an overview of the characteristics of the total study population.

Non-response analyses

Non-response analyses showed that, as compared to adolescents excluded from the analyses (N =  
2,923), those included were on average younger (13 years and 7 months vs. 13 years and 8 months, 
t= −3.1, p = .002), had a higher net household income (61.8 vs. 56.4%, χ2 = 8.1, p = .017), and 
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attended a higher educational level (51.0 vs. 44.2%, χ2 = 10.4, p = .015) (Table S1). However, the 
proportion of missing data on household income and educational level was higher among the 
excluded participants (household income: 22.6% vs. 15.6%; educational level: 19.4% vs. 12.4%)

In a sensitivity analysis, we compared the self-reported listening habits of participants included 
and excluded in the analysis. There was no significant difference in self-reported frequency of 
listening, listening time and listening level (Table S2).

Listening habits measured by the smartphone application

Listening habits were monitored over a median of 33 days (IQR, 22.0–35.0). A total of 33 (10.5%) 
participants had a daily noise dose >50%, and 15 (4.8%) >100%. The demographics of the 
participants engaging in unsafe listening habits are presented in Table S3.

Factors associated with unsafe listening habits

Table 2 presents the results of the multivariable logistic regression analyses. Household income and 
risk behavior were significantly associated with unsafe listening habits. Specifically, adolescents with 
a household income below the national average were more likely to engage in unsafe listening habits 
compared to adolescents with a household income equal to or above the national average (noise 
dose >50%: OR 2.6, 95% CI 1.1; 6.1 and noise dose >100%: OR 5.0, 95% CI 1.3; 18.9). Moreover, 
engaging in risk behavior increased the odds of having unsafe listening habits (noise dose >50%: OR 
3.6, 95% CI 1.6; 8.3 and noise dose >100%: OR 3.7 (1.1; 12.0)). Participants’ age, sex and educational 
level were not significantly associated with unsafe listening habits.

Discussion

As noise-induced hearing loss is expected to inflict a widespread lifelong and disability in modern 
societies, prevention is of great importance. In the present study, 4.8% of the adolescents using personal 
listening devices were found to exceed the weekly noise dose when using a personal listening device. 
Socioeconomic status and risk behavior were significant association with unsafe listening habits. The 
current study expands upon previous literature by including objective data of listening habits.

Table 1. Characteristics of the included study population.

Total

n= 314

Age, mean (±SD) 13 yrs. 7 mo. (5 mo.)
Sex, n (%)
Male 162 (51.6)
Female 152 (48.4)
Household income , n (%)
<€2800 71 (22.6)
≥€2800 194 (61.8)
Unknown 49 (15.6)
Educational level participant , n (%)
Lower 64 (20.4)
Intermediate 51 (16.2)
Higher 160 (51.0)
Unknown 39 (12.4)
Risk behavior
No 212 (67.5)
Yes 55 (17.5)
Unknown 47 (15.0)

yrs= years, mo= months.
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The majority of adolescents using personal listening devices in the present study exhibited 
listening habits that could be considered as safe. Prior research using self-reports to measure 
listening habits reported a large variation in number of people exceeding recommended exposure 
limits, which to some extent may be due to differences in study population and definitions applied 
as described in the systematic review of Jiang et al. (Jiang et al. 2016). An important limitation of 
self-reports is that they do not account for individual variations in listening habits. To our 
knowledge, to date, only two studies have reported the weekly noise dose based on objective 
measurements of listening habits (Portnuff et al. 2013; Kaplan-Neeman et al. 2017). In the study 
of Portnuff et al., an external dosimeter was used to measure listening habits (Portnuff et al. 2013). 
In total, 16.7% of the 24 participants aged 19–29 years were reported to exceed the recommended 
weekly noise dose, which is higher than the 4.8% found in our study. This can possibly be 
explained by the fact that participants were required to report at least 10 hours of personal 
listening device use a week in the study of Portnuff et al. In the paper of Kaplan-Neeman et al., 
2.7% of the 40 participants aged 18–32 years were found to exceed the recommended weekly noise 
dose (Kaplan-Neeman et al. 2017). Although a smartphone application was used to measure 
listening habits, participants received a loaner smartphone instead of using their own, which may 
have influenced the results. It is important to keep in mind that in present study adolescents who 
did not use their personal listening device at least once during the monitoring period were 
excluded. Therefore, it is likely that the proportion of adolescents engaging in unsafe listening 
habits is lower in the general population.

For the purpose of targeted prevention, it is important to identify which adolescents exhibit unsafe 
listening habits. In line with the study of Widen and Erlandsson, we observed that adolescents with 
a lower socioeconomic status were more likely to engage in unsafe listening habits as compared to 
adolescents with a higher socioeconomic status (Widén and Erlandsson 2004). This can possibly be 
explained by differences in knowledge and risk perception. Besides being aware of the negative con-
sequences of excessive noise on hearing, perceived individual susceptibility is of importance (Diviani et al. 
2019). Several studies have found that students who engage in unsafe listening habits experience low 
personal vulnerability to noise-induced hearing loss (Vogel et al. 2008; Rawool and Colligon-Wayne 
2008). Another explanation is that adolescents with a lower socioeconomic status report less parental 
involvement, which has been recognized as an important factor in reducing health risk behaviors 
(Hindelang et al. 2001; DiClemente et al. 2001).

Table 2. Multivariable logistic regression for the association of sociodemographic factors and risk behavior with unsafe listening 
habits (n = 314)..

Unsafe listening habits

>50% weekly noise dose >100% weekly noise dose

Variable Categories OR (95% CI) OR (95% CI)

Age (years) 0.6 (.2; 1.7) 0.8 (.2; 3.3)
Sex Female Reference Reference

Male 1.6 (.7; 3.5) 0.5 (.2; 1.7)
Household income <€2800 2.6 (1.1; 6.1)* 5.0 (1.3; 18.9)

≥€2800 Reference Reference
Educational level Lower 2.4 (1.0; 5.9) 2.9 (.6; 13.9)

Intermediate 1.0 (.3; 3.4) 1.5 (.2; 10.8)
Higher Reference Reference

Risk behavior No Reference Reference
Yes 3.6 (1.6; 8.3)** 3.7 (1.1; 12.0)*

Models were constructed using multivariable logistic regression. All covariates that were expected to have an effect on listening 
habits were included in the model. Values are odds ratios (OR) and 95% confidence intervals (95%) relative to the adolescents 
engaging in safe listening habits as measured with the smartphone application. There were no missing data on these variables 
as they were imputed using multiple imputation methods. *P < .05. **P < .01.
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In the present study, risk behavior was significantly associated with higher odds of having unsafe 
listening habits. It is known that music, like substance use, can improve mood and distract people 
from unpleasant feelings or thoughts (Kemper and Danhauer 2005). Interestingly, several studies 
have demonstrated that the areas of the brain activated by music are similar to those that respond to 
other euphoria-inducing stimuli such as drugs and sex (Blood and Zatorre 2001; Menon and Levitin 
2005; Bourdaghs and Silverman 2020). Traditionally, prevention programs have focussed on 
a single risk behavior. However, as risk behaviors share a common set of risk and protective factors, 
it should be possible to design a prevention program targeting multiple-health risk behavior 
simultaneously (Bailey 2009; Jackson et al. 2012). By identifying common pathways to risk behavior, 
multiple health problems might be mitigated.

Over the past decade, many campaigns have been developed to address the potential risk of exposure 
to loud music, attempting to motivate young people to adopt safe listening behaviors. However, the 
effectivity of these campaigns is being questioned (Weichbold and Zorowka 2007). Widely addressed 
campaigns might go unnoticed by the target population. The findings of the present study indicate that 
the largest public health gains are likely to be achieved through prevention strategies targeted at 
adolescents with a lower socioeconomic status and those engaging in risk behavior. Future research is 
needed to investigate how these adolescents can be motivated to adopt safe listening habits.

Strength and limitations

A strength of the present study is the objective measurement of listening habits using a smartphone 
application. The application was easy to use and required minimal storage capacity and battery. In 
contrast to previous studies measuring listening habits objectively, the participants in this study had the 
advantage that they did not need to carry an external or foreign device with them, which potentially 
reduces the validity of the data (Portnuff et al. 2013; Kaplan-Neeman et al. 2017). Furthermore, listening 
habits were monitored for a longer period compared to, which is of value since listening habits may vary 
over time. A limitation is that the application could only be installed on a single smartphone. If 
participants used multiple personal listening devices, the weekly noise dose is an underestimation of 
their true value. To calculate participants’ weekly noise dose, the listening levels registered by the 
smartphone were converted into estimated output levels using the regression equation of Williams 
et al., published in 2010 (Williams et al. 2010). According to the literature, output levels vary depending 
on the type of headphones used and style of music (Breinbauer et al. 2012; Kim and Han 2018; Shim et al. 
2018). We did not take these factors into account, which could lead to an under- or overestimation of 
participants' true daily noise dose. Although we expect this possible bias to be non-differential, in an ideal 
situation we would have measured the output levels produced in the ears during listening for every 
participant individually.

To date, there is no universally accepted standard for safe listening. In line with previous research, the 
weekly noise dose was calculated on the basis of occupational safety standards. A weekly noise dose 
>100% was considered as unsafe. Moreover, a lower cutoff was chosen as we believe that other sources of 
recreational noise exposure should be taken into account when calculating the weekly noise dose. 
Analyses with both definitions yielded different results for the number of adolescents exhibiting unsafe 
listening habits as expected but did not change the association of risk behavior with unsafe listening 
habits. As the number of participants exceeding the 100% weekly noise dose was relatively low, these 
results should be interpreted with caution. Although we reached the target sample size in the present 
study, the participation rate was lower than expected. There was a selection towards a relatively Western 
and highly educated population, which may affect the generalizability of our findings. A lack of consent 
and not having a smartphone were the main reasons for exclusion. The lower response rate due to no 
consent may be caused by the limited time at the research center allocated to inform about the 
application.
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Conclusions

The majority of adolescents using personal listening devices in the present study exhibited listening 
habits that could be considered as safe. Preventive interventions should target adolescents with 
a lower socioeconomic status and higher risk behavior, as these groups were found to be more likely 
to engage in unsafe listening habits. Future research is needed to investigate how these groups of 
adolescents can be motivated to adopt safe listening habits. Smartphone applications can potentially 
be used as platform to deliver customized and targeted messages encouraging safe listening habits.
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