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Introduction

Estimation of hearing thresholds extends our understand-
ing of human hearing sensitivity and characteristics. It also 

provides essential information about the human auditory 
system and fundamental references [1,2]. Hearing thresholds 
reflect the hearing threshold characteristics of the contempo-
rary population, and the prevalence of hearing loss has in-
creased in the old population [3,4]. Over several decades, the 
International Organization for Standardization (ISO) [5-7] 
has investigated normal hearing thresholds across different 
age and sex groups. ISO 7029 was first published in 1984 and 
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Hearing thresholds provide essential information and references about the human auditory 
system. This study aimed to identify changing trends in distributions of hearing threshold levels 
across ages by comparing the International Organization for Standardization (ISO) 7029 and 
newly available data after publishing ISO 7029. To compare ISO 7029 and newly available hear-
ing threshold data after publishing ISO 7029, four country-specific datasets that presented av-
erage hearing threshold levels under conditions similar to ISO 7029 were utilized. For frequen-
cies between 125 Hz and 8,000 Hz, the deviations of hearing threshold values by ages from 
the hearing threshold of the youngest age group for each data point were utilized. For frequen-
cies from 9,000 Hz to 12,500 Hz, the median threshold information was utilized. Hearing thresh-
old data reported after publishing ISO 7029 from the four countries were mostly similar to the 
ISO 7029 data but tended to deviate in some age groups and sexes. As national hearing 
threshold trends change, the following ISO 7029 revision suggests the need to integrate hear-
ing threshold data from different countries.	 J Audiol Otol 2024;28(1):1-9
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provides descriptive statistics on hearing thresholds across 
various ages [5]. The second and third editions were pub-
lished in 2000 [6] and 2017 [7], respectively. 

ISO 7029 [7] entitled “Acoustics—Statistical distribution of 
hearing thresholds related to age and gender” provides de-
scriptive statistics of the hearing threshold deviation for oto-
logically normal persons across different age groups for both 
male and female subjects with the frequency ranges from 125 
Hz to 8,000 Hz. Currently, the amendment “Correction of pa-
rameter values for estimating the hearing threshold distribu-
tion” is in progress to increase data accuracy. This standard 
provides a baseline for human hearing thresholds across age 
groups, reflects the hearing thresholds of the contemporary 
population, and includes threshold statistics from different 
countries.

A recent study [8] combined four additional datasets from 
Korea [9,10], Spain [11], and the United Sates (U.S.) [12] with 
ISO 7029 [7] and discussed several implications. The key im-
plications of the study are as follows: To understand the cur-
rent population statistics worldwide, emerging data from dif-
ferent countries will be vital to validate the ISO standard. 
Applying precise and correct calculation formulas will always 
be considered to increase data precision. In addition, the hear-
ing threshold decline at high frequencies in recent reports 
may indicate the need for high-frequency information across 
ages according to international standards. In this context, ISO 
7029 [7] provides extended high-frequency hearing thresh-
olds ranging from 9,000 Hz to 12,000 Hz for individuals aged 
18 to 80 years.

This study aimed to provide the most recent hearing thresh-
old data across different age groups. We also tried to identify 
changing trends in the distributions of hearing threshold lev-
els across ages by comparing data between ISO 7029 [7] and 
the newly available country-specific data [13-16]. This study 
can be used as a reference for amending the standards in the 
near future.

Materials and Methods

To compare the ISO data with the newly available country-
specific hearing threshold data since the publication of ISO 
7029, four country-specific datasets that presented average 
hearing threshold levels under conditions similar to ISO 7029 
[7] were used. ISO 7029 offers information on the deviations 
of hearing threshold values at various ages, relative to the 
hearing threshold of normal-hearing 18-year-old population, 
for frequencies ranging from 125 Hz to 8,000 Hz. ISO 7029 
also provides the expected median threshold information at 
audiometric frequencies for frequencies ranging from 9,000 

Hz to 12,500 Hz. ISO 7029 and the other four country-specif-
ic hearing threshold datasets have inconsistencies in reference 
age, but despite this shortcoming, this review compared me-
dian hearing threshold deviations for frequencies from 125 Hz 
to 8,000 Hz and median hearing thresholds from 9,000 Hz to 
12,500 Hz across age- and sex-specific studies to examine 
trends in hearing thresholds in the newly available data.

ISO 7029 data
The current ISO 7029 standard is the third edition [7]. It ad-

opted new audiometric data published after its first edition in 
1984 [5]. The scope of this standard represents two main in-
formation as following: “the expected median value of hear-
ing thresholds given relative to the median hearing threshold 
at the age of 18 years” and “the expected statistical distribution 
above and below the median value.” The data of this standard 
can be used to estimate the amount of hearing loss in a specif-
ic population and to assess an individual’s hearing in relation 
to the distribution of hearing thresholds of the person’s age 
population with normal hearing. In addition, it provides the 
expected median values at audiometric frequencies from 9,000 
Hz to 12,500 Hz within the age range of 22–80 years for infor-
mation only. 

Data from ten published references emerged in ISO 7029 
[7]. Data were collected from 1980 to 2011 in seven countries: 
the United Kingdom, Japan, Norway, Germany, the U.S., 
France, and Australia. Although each reference had different 
testing frequency ranges and subject ages, the overall frequen-
cy range was 125–8,000 Hz, and the age range was 15–96 years. 
Approximately 6,548 males and 17,891 females were includ-
ed in the 10 studies. The data included hearing threshold val-
ues measured at 125, 250, 500, 750, 1,000, 1,500, 2,000, 3,000, 
4,000, 6,000, and 8,000 Hz. The hearing threshold deviations 
were expressed by applying a new calculation procedure based 
on polynomial surfaces [8]. 

For data from both females and males, the median hearing 
threshold deviations and expected median thresholds from 
Annexes D (125–8,000 Hz) and E (9,000–12,500 Hz) were uti-
lized. The statistical distribution of hearing threshold devia-
tions is based on the calculation of the hearing threshold of an 
individual minus the median hearing threshold of a popula-
tion of 18-year-old otologically normal persons of the same 
sex. An otologically normal person refers to a person in nor-
mal health with no signs or symptoms of ear disease, no ear-
wax blocking the ear canal, no excessive exposure to noise, no 
exposure to potentially ototoxic substances, or a history of fa-
milial hearing loss [6].
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American data 
These data were collected between 2011 and 2012, 2015 and 

2016, and 2017 and 2020. Data from females included 814 
ears in their 20s (20–29 years old), 773 ears in their 30s (30–39 
years old), 815 ears in their 40s (40–49 years old), 801 ears in 
their 50s (50–59 years old), 750 ears in their 60s (60–69 years 
old), 350 ears in their 70s (70–79 years old), and 200 ears in 
the 80s (80–85 years old). Data from males included 838 ears 
in their 20s (20–29 years old), 800 ears in their 30s (30–39 years 
old), 700 ears in their 40s (40–49 years old), 726 ears in their 
50s (50–59 years old), 712 ears in their 60s (60–69 years old), 
346 ears in their 70s (70–79 years old), and 170 ears in their 
80s (80–85 years old). The data included hearing threshold 
values measured at 500, 1,000, 2,000, 3,000, 4,000, 6,000, and 
8,000 Hz. The median values of all hearing thresholds were 
calculated based on the hearing threshold value of the better 
ear in both ears. These data were based on participants with 
no ear-related medical conditions when hearing threshold 
was measured. For the hearing threshold deviation data, the 
median hearing threshold for the group in their 20s was used 
to derive the median hearing threshold deviations for the 
other age groups [13].

Czech data
The data were collected from 2020 to 2021. Data obtained 

from females included 76 ears in their 20s (18–24 years old), 
124 ears in their 30s (25–34 years old), 78 ears in their 40s 
(35–44 years old), 76 ears in their 50s (45–54 years old), and 
76 ears in their 60s (55–64 years old). Data acquired from 
males included 32 ears in their 20s (18–24 years old), 62 ears 
in their 30s (25–34 years old), 30 ears in their 40s (35–44 years 
old), 38 ears in their 50s (45–54 years old), and 40 ears in their 
60s (55–64 years old). The data included hearing threshold 
values measured at 125, 250, 500, 750, 1,000, 1,500, 2,000, 
3,000, 4,000, 6,000, 8,000, 9,000, 10,000, 11,200, and 12,500 Hz. 
The median values of all hearing thresholds were calculated 
based on a randomized hearing threshold value for one ear 
because the difference in hearing thresholds between the two 
ears was not significant. These data were based on partici-
pants with no ear-related medical conditions when hearing 
threshold was measured. For the hearing threshold deviation 
data, the median hearing threshold for the group in their 20s 
was used to derive the median hearing threshold deviations 
for the other age groups [14].

German data 
Data were collected between 2008 and 2012. Data from fe-

males included 114 ears in their 20s (18–24 years old), 159 ears 
in their 30s (25–34 years old), 208 ears in their 40s (35–44 years 

old), 365 ears in their 50s (45–54 years old), 335 ears in their 
60s (55–64 years old), 262 ears in their 70s (65–74 years old), 
and 198 ears in the 80s (75–84 years old). Data from males 
included 75 ears in their 20s (18–24 years old), 119 ears in 
their 30s (25–34 years old), 213 ears in their 40s (35–44 years 
old), 229 ears in their 50s (45–54 years old), 305 ears in their 
60s (55–64 years old), 244 ears in their 70s (65–74 years old), 
and 220 ears in their 80s (75–84 years old). The data included 
hearing threshold values measured at 250, 500, 1,000, 2,000, 
3,000, 4,000, 6,000, and 8,000 Hz. The median values of all hear-
ing thresholds were calculated based on the average hearing 
thresholds of both ears. These data were based on participants 
with no ear-related medical conditions when hearing thresh-
old was measured. For the hearing threshold deviation data, 
the median hearing threshold for the group in their 20s was 
used to derive the median hearing threshold deviations for 
the other age groups [15].

Korean data
These data were provided by the National Standard Refer-

ence Data Center (NSRDC) of the Republic of Korea for 2022. 
Data from females included 690 ears in their 20s (20–29 years 
old), 484 ears in their 30s (30–39 years old), 394 ears in their 
40s (40–49 years old), 212 ears in their 50s (50–59 years old), 
and 100 ears in their 60s (60–69 years old). Data from males 
included 276 ears in their 20s, 200 in their 30s, 104 in their 
40s, 50 in their 50s, and 22 in their 60s. The data included 
hearing threshold values measured at 250, 500, 1,000, 2,000, 
3,000, 4,000, and 8,000 Hz. The median values of all hearing 
thresholds were calculated based on the average value without 
dividing by the direction of the ear. These data were based on 
participants with no ear-related medical conditions when hear-
ing threshold was measured. For the hearing threshold devia-
tion data, the median hearing threshold for the group in their 
20s was used to derive the median hearing threshold devia-
tions for the other age groups [16].

Results

Trends in newly available country-specific 
hearing threshold data compared to ISO 7029 
for female adults

The hearing threshold deviation data for female adults in 
the 125–8,000 Hz range for ISO 7029 and the four countries 
showed similar trends, except for a few frequency regions 
(Fig. 1). In the 30s age group, the difference between the ISO 
7029 data and the hearing threshold deviation data of the four 
countries was within 2 dB. For those in their 40s, the differ-
ences between the ISO 7029 data and the hearing threshold 
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deviation data for the four countries were all within 3 dB, ex-
cept for 1,500 Hz (a difference of 13 dB) and 6,000 Hz (a dif-
ference of 6 dB) in the Czech data. In the 50s age group, the 
difference between the ISO 7029 data and hearing threshold 
deviation data from the four countries was within 5 dB, except 
at 8,000 Hz. For 8,000 Hz, the deviation value of ISO 7029 was 
21 dB, whereas the four-country data showed a smaller vari-
ation of 5 dB (Czech) to 16 dB (Korea).

For the 60s group, the difference between the ISO 7029 data 
and hearing threshold deviation data from the four countries 
was within 5 dB, except at 8,000 Hz. At 8,000 Hz, the devia-
tion value of ISO 7029 was 23 dB, whereas the four-country 
data varied from 10 dB (Czech) to 31 dB (Korea). For the 70s 
group, the difference between the ISO 7029 data and the hear-
ing threshold deviation data from the four countries was within 
5 dB, except at 8,000 Hz. At 8,000 Hz, the deviation value of 
ISO 7029 was 39 dB, whereas the four-country data showed a 
larger variation of 44.8 dB for German data and a smaller vari-
ation of 31 dB for American data. For the 80s group, the dif-
ference between the ISO 7029 data and the hearing threshold 
deviation data of the four countries was within 5 dB, except at 
4,000 Hz. In the 4,000 Hz region, ISO 7029 had a deviation 
value of 43 dB, whereas the American data had a deviation of 
48.8 dB.

The expected median high-frequency hearing thresholds of 
ISO 7029 were similar to the median Czech hearing thresh-

olds for the 20s to 40s age groups but differed somewhat in 
the 50s and 60s groups (Fig 2). For example, in the 50s, the 
Czech data were lower than the ISO 7029 data by 4 dB (10,000 
Hz) to 14 dB (11,200 Hz). In the 60s, the Czech data were also 
lower than the ISO 7029 data by 10 dB (10,000 and 11,200 Hz) 
and 13 dB (9,000 Hz).

Trends in newly available country-specific hearing 
threshold data compared to ISO 7029 for male adults

The hearing threshold deviation data for male adults in the 
125–8,000 Hz range for the four countries showed a trend of 
similar or slightly higher deviations compared to the ISO 7029 
data (Fig. 3). In the 30s age group, the difference between the 
ISO 7029 data and the hearing threshold deviation data of the 
four countries was within 3 dB except for 4,000 Hz (difference 
of 6.5 dB) in the Czech data. For the 40s group, the differenc-
es between the ISO 7029 data and the hearing threshold devi-
ation data for the four countries were all within 5 dB, except 
for the Czech data from 2,000 Hz (difference of 7 dB) to 8,000 
Hz (difference of 13 dB), American data (difference of 6 dB) 
at 4,000 Hz, and Korean data (difference of 7 dB) at 4,000 Hz. 
For the 50s group, the deviation data for the hearing thresh-
olds of the four countries showed higher deviations in several 
frequency regions than the ISO 7029 data. At 4,000 Hz, for 
example, the deviation according to ISO 7029 was 11 dB, 
whereas the German data showed 15 dB; Czech data, 17.5 dB; 

Fig. 1. Hearing threshold deviation data for female adults from ISO 7029 and four countries, covering the range of 125 Hz to 8,000 Hz.
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Korean data, 19 dB; and American data, 20.4 dB.
For the 60s and 70s age groups, the hearing threshold de-

viation data from the four countries showed similar trends to 
the ISO 7029 data below 2,000 Hz, but the higher-frequency 

regions above 3,000 Hz showed greater deviations. For exam-
ple, for 8,000 Hz in the 60s, the ISO 7029 data was 30 dB, while 
the Korean, German, and American data were 35, 41, and 45.3 
dB, respectively. For the 80s, the hearing threshold deviation 

Fig. 3. Hearing threshold deviation data for male adults from ISO 7029 and four countries, covering the range of 125 Hz to 8,000 Hz.

Fig. 2. Median hearing threshold data for female adults from ISO 7029 and Czech, encompassing the range of 9,000 Hz to 12,500 Hz.
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data from the four countries showed similar trends to the ISO 
7029 data below 1,000 Hz; however, higher-frequency regions 
above 1,500 Hz showed greater deviations. For example, at 
3,000 Hz, the ISO 7029 data were 41 dB, whereas the German 
and American data were 51 and 57 dB, respectively.

The expected median high-frequency hearing thresholds of 
ISO 7029 were similar to the median Czech hearing thresh-
olds in the 20s, 30s, 50s, and 60s but differed somewhat in the 
40s (Fig. 4). For example, in the 40s, the Czech data were larg-
er than the ISO 7029 data by 16 dB (9,000 and 10,000 Hz) and 
18 dB (11,200 and 12,500 Hz).

Discussion

Owing to differences in how hearing threshold data are gen-
erated across countries, there were some limitations in com-
paring ISO 7029 data under uniform conditions. The hearing 
threshold data from the four countries had different age rang-
es. For example, for the hearing threshold data for 20s, the 
Czech [14] and German [15] data were generated for ages 18 
to 24, while American [13] and Korean [16] data were gener-
ated for ages 20 to 29 years. There were also some differences 
in the formulas used to calculate the hearing threshold data 
among the four countries. For example, for the German data, 
the average of the hearing thresholds of both ears was consid-
ered as one data point [15], whereas the Czech data randomly 

used the thresholds of one of the two ears [14], and the Ameri-
can data were generated based on the thresholds of the better 
hearing of the two ears [13]. Therefore, rather than a direct 
comparison of the hearing threshold data from the four coun-
tries with ISO 7029 data, the analysis in this review focuses on 
trends in hearing threshold changes by frequency and age group.

This study examined recent hearing threshold datasets from 
four countries [13-16] and the ISO 7029 standard [7]. As a re-
sult, hearing threshold data from the four countries reported 
since the publication of ISO 7029 were mostly similar to ISO 
7029 data with regards to overall aging effects but tended to 
deviate from ISO 7029 in some age groups and sexes. More 
specifically, the difference between the ISO 7029 data and the 
hearing threshold data for the four countries tended to be 
more pronounced for male adults than for female adults and 
for higher frequencies than for lower frequencies.

The results of this study indicate the potential for hearing 
threshold deviations in males and high-frequency ranges com-
pared with ISO 7029. Integrating additional data from differ-
ent countries is vital for improving the validity of internation-
al standards. In addition, establishing standard references for 
extended high frequencies across age is important for noise 
induced hearing loss [17]. In this context, Kurakata [8] recal-
culated hearing threshold values by merging the results of four 
additional data points into the latest version of ISO 7029. Sev-
eral recent studies, including those referred to in this review, 

Fig. 4. Median hearing threshold data for male adults from ISO 7029 and Czech, encompassing the range of 9,000 Hz to 12,500 Hz.
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have reported normative hearing thresholds at extended high 
frequencies up to 14,000 Hz [18,19], as well as frequencies up 
to 8,000 Hz [20,21], across age and sex groups. Cumulative data 
on normative hearing thresholds from different countries will 
be very important for the next version of the standard publica-
tion, and regional attention is urged to collect diverse datasets. 

In each revision, ISO 7029 has incorporated the latest hear-
ing threshold data from different countries [5-7]. However, 
four country-specific hearing threshold data [13-16] report-
ed since the publication of the third edition of ISO 7029 [7] 
differ in age range, method of calculating threshold values, and 
so forth. The next revision of ISO 7029 will need to be based 
on data from various countries with uniform ages, frequency 
ranges, and threshold calculation methods to generate more 
accurate hearing threshold data. To achieve this, the ISO 7029 
committee will need to include experts from a wider range of 
countries and replicate discussions and collaborations to collect 
national hearing threshold data under uniform conditions.

Normative hearing threshold values are represented by age 
groups of 20–80 years in the current ISO 7029 standard [7]. 
Owing to the changing environment and increased life expec-
tancy, hearing is becoming an important health issue [22] across 
the entire age population. For example, hearing loss is estimat-
ed to be a global disability burden for people aged >70 years 
[23]. For this reason, we may consider extending the upper and 
lower ranges of age populations to include children under 18 
years of age and the elderly over 80 years. In addition, norma-
tive hearing threshold data for children is lacking [21,24-27]. 
Haapaniemi [26] reported that the hearing threshold levels of 
school-aged children improved with age from 7 to 10 years, and 
Beahan, et al. [27] showed a significant age effect in extended 
high-frequency thresholds. Recent studies have reported hear-
ing thresholds in the elderly aged over 80 years [20,21,28,29] 
and up to 99 years [21]. Declining hearing thresholds in those 
over 80 years in previous studies may indicate the need for ad-
ditional normative hearing thresholds in the extended age group 
of the elderly.

Measuring normative bone conduction thresholds across 
age groups is another consideration for standardization. ISO 
389-3 [30] and IEC 60318-6 [31] only provide calibration-re-
lated information on bone vibrators. Although several stud-
ies have reported normative bone conduction thresholds in 

some population [32-36], normative bone conduction thresh-
olds across age groups have not been published as interna-
tional standards. Applying a specific measurement method to 
obtain normative bone conduction thresholds is challenging 
[37]. Appropriate methods for measuring normative bone 
conduction thresholds across age groups should be consid-
ered for ISO publications. 

Normative hearing thresholds for Koreans have been re-
ported in previous studies [9,10]. Currently, the NSRDC mea-
sures the age- and sex-specific normative hearing thresholds 
of Koreans and continuously accumulates data by expanding 
the age and frequency ranges. We hope that the updated Ko-
rean hearing threshold data will be useful for revising ISO 
7029.

Weighted four-frequency average (W4FA) values by sex and 
age for Koreans, calculated based on 50th percentile hearing 
threshold values are shown in Table 1 [16]. The W4FA for-
mula is currently used as the standard for determining dis-
ability in the Republic of Korea (Ministry of Health and Wel-
fare Notice 2023-42). W4FA is calculated as (500 Hz+1,000 
Hz+1,000 Hz+2,000 Hz+2,000 Hz+4000 Hz)/6. For men, 
W4FA showed that as age increased from the 20s to the 60s, 
the right ear hearing level (HL) increased from 3.2 dB to 16 
dB and the left ear HL increased from 3.0 dB to 16.7 dB. For 
women, W4FA showed that as age increased from the 20s to 
the 60s, the right ear HL increased from 3.0 dB to 15 dB and 
the left ear HL increased from 2.0 dB to 13.7 dB. These results 
show that, in general, hearing thresholds increased with age, 
with women tending to have lower thresholds than men. Fur-
thermore, for W4FA values based on ear orientation, men 
and women showed similar results, within 1.3 dB of each oth-
er. The results can be used as a baseline for the average hear-
ing data of Koreans, without ear-related medical conditions, 
during the counseling process.

ISO 7029 is a useful standard document that provides in-
formation on normal-hearing thresholds considering sex and 
age. If hearing threshold data from various countries collected 
under uniform conditions are utilized in the next revision, it will 
become a standard document with higher prediction accura-
cy and can be used for a wider range of studies and analyses.

Table 1. Weighted four-frequency average (W4FA) values by sex and age for Koreans calculated based on 50th percentile hearing 
threshold values

Parameter
20s 30s 40s 50s 60s

Right Left Right Left Right Left Right Left Right Left

W4FA (male) 3.2 3.0 4.7 5.0 7.8 7.0 10.3 11.3 16.0 16.7
W4FA (female) 3.0 2.0 4.7 3.3 6.7 5.3 10.7   9.5 15.0 13.7
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