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Introduction

As the elderly population increases, the hearing-im-
paired population is also increasing, and many people 
are interested in hearing loss. In particular, by 2026, 
Korea will have become a super-aged society in which 
the elderly population aged 65 years old and older 
comprises 20% of the total population due to rapid ag-

ing, according to the government statistical service in 
2011.1) Accordingly, national interest in aging well is 
increasing. Recent studies have shown that deafness 
increases and worsens dementia as well as cognitive 
impairment.2) There is also a link between hearing loss 
and depression.3)

Since these issues give rise to social problems, it is 
necessary to diagnose hearing loss more quickly and find 
a solution, thus reflecting the importance of screening 
tests for early detection and intervention. As part of this 
effort, the Department of Health and Welfare in Korea 
has been conducting a ‘Screening Program for Transi-
tional Ages’ lifespan health checkup since 2007 for 
groups of adults aged 40 years and 66 years (defining 
those as transitional ages), providing a systematic follow-
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up of high-risk groups and disease groups (Ministry of 
Health and Welfare. Notification No. 2007-126 of the 
National Screening Program for the transitional Ages in 
Korea. 2007). In this program, a hearing screening sur-
veillance test is conducted by deciding to ‘refer or pass’ 
at 1,000 Hz pure tone audiometry (Considering expense 
and time, formal audiometric testing is not available). 
Recently, there has been an effort to adjust the screening 
items by generation and gender, but the evidence is insuf-
ficient. For hearing, there is the problem of insufficient 
evidence on examination items, and the validity of the 
screening test must be verified.4-6) However, to date, there 
has been no validation of hearing screening results in 
large population studies in Korea; thus, one can only bor-
row foreign recommendations or collect expert opinions.

The purpose of this study is to investigate how well 
the conventionally used standard screening method 
can detect hearing loss early, reflect the auditory char-
acteristics of Korean adults and consider the matter to 
be supplemented. The results of this study provide 
useful information to clinicians regarding the evalua-
tion and management of hearing loss and the educa-
tion of patients in primary settings.

Materials and Methods

Enrolled subjects
The Korean National Health and Nutrition Survey 

(KNHNS) was conducted by the Centers for Disease 
Control Headquarters of Korea to obtain nationwide 
statistics for the assessment of the health and nutri-
tional status of Koreans. This study was based on data 
from the survey for 3 years (2010-2012), with the 
sampling performed through a stratified cluster ex-
traction method for the whole population of Korea. 
The original study complied with the Declaration of 
Helsinki and was approved by the appropriate ethics 
review board. All participants provided informed con-
sent. The present study was exempted from ethics re-
view by virtue of it being a secondary study.

The KNHNS was conducted on subjects aged 40 
years or older who underwent pure tone audiometry. 

Of the 11,675 subjects over the age of 40, 11,037 par-
ticipants who completed the hearing test and question-
naire were analyzed, except those in whom chronic 
otitis media (n=638). Chronic otitis media was diag-
nosed by trained otolaryngologists based on responses 
to a questionnaire and otoendoscopic findings. In ad-
dition to hearing evaluation, the presence of hearing 
difficulty, tinnitus, and history of noise exposure were 
determined based on subjects’ response (s) to a ques-
tion/questionnaire (Appendix Table 1). Of the selected 
11,037 subjects, 48.2% were men and 51.8% were 
women. The mean age of the subjects was 58.3±11.6 
years (mean±SD). The age groups were classified 
into 10-year intervals: 40-49, 50-59, 60-69, and 70 
years or older.

Evaluation of hearing threshold
The air-conduction hearing threshold was evaluated 

by trained otolaryngologists using an automatic audi-
ometer (GSI SA-203; Entomed Diagnostics AB, Lena 
Nodin, Sweden) in a soundproof booth. The current 
“national screening pass criterion” which is defined as 
a pure-tone threshold less than or equal to 40 dB HL 
(hearing level) at 1,000 Hz is used. Passing or failing 
(refer) results of 1,000-Hz screening pure-tone audi-
ometry and conventional pure-tone audiometric results 
were compared at various frequencies (500, 1,000, 
2,000, 3,000, 4,000, and 6,000 Hz). The results of con-
ventional pure-tone test were considered to be the “gold 
standard.” To confirm the consistency of the test re-
sults, the measured thresholds were re-examined at 1 
kHz, and hearing tests were reperformed when the dif-
ference was 5 dB or more.

The cutoff point for determining hearing loss was a 
pure-tone average of 40 dB for the frequencies. Hearing 
loss (unilateral or bilateral) was considered to be present 
if the mean value of the air-conduction thresholds for 
500-, 1,000-, 2,000-, and 4,000-Hz pure-tone sounds 
was greater than 40 dB in at least one ear (which was 
adapted from WHO (World Health Organization)-pro-
posed better-ear 4fPTA method).7,8) 
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Statistical analysis
Primary data were used from the Korean Centers for 

Disease Control and Prevention. A complex sample 
plan file was designed to apply k strata, primary sample 
units, and proper usage of sampling weight values. The 
factors related to hearing loss were analyzed using 
PASWⓇ Statistics 18 (IBM Corp., Armonk, NY, USA). 
Values in this study are categorical variables, expressed 
as percentages (weighted). The comparison of hearing 
values between groups was analyzed using complex 
sample general linear analyses. Using audiometry as a 
reference test, the sensitivity, specificity and most ap-
propriate screening frequency were detected by receiver 
operator characteristic (ROC) analysis.

Results

Clinical characteristics of the subjects
Table 1 shows the characteristics of the subjects’ 

gender and age, hearing discomfort, tinnitus, and 
noise exposure. Most of the subjects were in their 40s 
and 50s (37.9% and 30.5%, respectively). Fifteen per-
cent of subjects complained of subjective hearing dis-
comfort. In fact, when complaining of subjective dis-
comfort, mild HL (25-40 dBHL in 4fPTA) occupied 
the largest ratio at 31.8% than moderate (21.8%, 40-
60 dBHL), and above hearing loss (4.5%, 60 dBHL 
and over). 

Compared to the rate of subjective hearing discom-
fort, the rate of referred cases in the actual screening 
test was small (The prevalence of those referred for at 
least one ear was 11.2%) (Table 1). Even with a screen 
pass results, mild HL reached 14.7% and moderate 
hearing loss with 1.9%.

For accurate analysis, the inclusion of both ears 
shows a failure (referred) rate of 7.7% on the screen-
ing test. Furthermore, according to the degree of hear-
ing loss, the prevalence of those above the threshold 
of moderate (40 dB and more) HL was 10.0%, and 
those with mild hearing impairment accounted for 
18.3% of the total. Putting this together, through the 
gap between hearing discomfort and referral results, 

Table 1. General characteristics of the study partici-
pants

Characteristics 
Number of subjects (11,037 subjects)

n % (95% CI)

Gender
Women 6,294 51.8 (51.2-52.9)

Men 4,743 48.2 (47.1-48.8)

Age 
40≤, <50 2,983 37.9 (36.3-39.6)

50≤,<60 3,097 30.5 (29.2-31.9)

60≤,<70 2,623 17.1 (16.3-18.0)

70≤ 2,334 14.4 (13.6-15.3)

Complaint of hearing loss
(+) 1,983 15 (14.2-16.0)

(-) 9,050 85 (84-85.8)

Referred subjects (at least one ear)
(+) 1,426 11.2 (10.4-12.0)

(-) 8,821 88.8 (88.0-89.6)

Tinnitus 
(+) 2,609 22.2 (21.1-23.3)

(-) 8,395 77.8 (76.7-78.9)

Noise exposure history 
(+) 3,257 33.1 (31.1-35.0)

(-) 7,794 66.9 (65.0-68.9)

Number of tested ears (22,074 subjects)

Screening pass/ refer
Refer 1,998 7.7 (7.3-8.2)

Pass 18,496 92.3 (91.8-92.7)

Degree of hearing loss (dB HL)
≤25 13,595 71.7 (70.9-72.5)

25≤, <40 4,332 18.3 (17.6-18.9)

40≤, <60 1,862 7.3 (6.9-7.8)

60≤, <80 443 1.6 (1.4-1.8)

80≤ 261 1.1 (0.9-1.3)

%: weighted percentage

we could find a justification to examine whether mild 
HL was being overlooked.

Discrepancy between screening and actual 
hearing threshold by age and gender

We further focused on discrepancies between the re-
sults of the 1-kHz screening test and the conventional 
audiometry test. First, the average hearing thresholds 
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passed and referred were 18.3±10.7 (means±SD) and 
57.4±18.6 dB HL, respectively (Table 2). In the overall 
sample and among the males, at 6,000 Hz, both the 
passing and referred groups had more than 40 dB of 
hearing loss. We examined the relationship between the 
screening results and hearing by frequency (Table 3). 
Overall, 3.5% of the passed cases (5.2% and 2.0% of 
passed males and females, respectively) had more than 
moderate hearing loss. Furthermore, we examined the 
relationship between the results of screening and the 
mean threshold of overall, low and high frequencies (we 
divided study frequency into low (0.5-1-2 kHz) and 
high frequency (3-4-6 kHz area), respectively. Inter-

estingly, high-frequency hearing loss is present in 
24.9% of subjects who passed the screening—35% in 
men who passed and 15.2% in women who passed. In 
other words, screening at 1,000 Hz alone showed that 
screening has limitations in reflecting hearing loss, es-
pecially hearing loss at high frequencies.

Receiver operating characteristic (ROC) analysis: 
Diagnostic accuracy of the 1,000-Hz screening meth-
od and the suggestion of an appropriate screening test

As we draw the ROC curve for each frequency with 
an average 40 dB of 0.5, 1, 2, and 4 Hz as the gold 
standard, we can see that 2,000 Hz shows the largest  
Area Under the Curve (AUC) in all subjects (At the 

Table 2. Audiometric thresholds (dB HL) of overall and each frequency in the passing and referred hearing groups 
(n=22,074 ears)

Frequency (kHz) 0.5-1-2-4* 0.5 1 2 3 4 6

Overall
Pass 18.3±10.7 18.8±16.0 16.8±16.8 20.9±18.7 26.8±22.0 31.8±23.9 43.5±25.3
Refer 57.4±18.6 51.0±22.8 55.9±18.6 57.1±21.4 62.7±22.2 65.7±22.6 78.7±21.4 

Men
Pass 20.6±11.3 14.8±10.1 12.3±9.5 18.1±14.9 28.0±20.0 37.1±22.9 45.5±24.7
Refer 59.2±17.8 49.1±21.6 54.8±17.3 60.6±20.2 69.3± 20.2 73.5±20.3 83.3±19.1

Women
Pass 16.5±9.9 15.8±10.2 12.7±9.7 16.2±12.2 19.0±14.5 21.3±16.2 35.3±19.9
Refer 56.1±19.1 52.5±22.5 56.2±19.0 55.2±21.7 58.6±22.3 60.5±22.6 76.5±21.9

*: Mean hearing loss of more than 40 dB using a method of calculating the mean of 4 frequencies [calculated by 
(a+b+c+d)/4, where 500 (a), 1000 (b), 2,000 (c), 4,000 (d) Hz]

Table 3. Comparison of the 1,000-Hz screening test (health checkup test) and conventional audiometry

Health  
checkup  

test* 

Pure tone audiometry
(0.5-1-2-4 kHz)†

Low-frequency  
average‡ 

High-frequency  
average§ 

NH HI NH HI NH HI 

Overall
Refer 12.6 (10.9-14.5) 87.4 (85.5-89.1) 18.6 (16.6-20.9) 81.4 (79.1-83.4) 8.2 (6.8-9.8) 91.8 (90.2-93.2)

Pass 96.5 (96.1-96.8) 3.5 (3.2-3.9) 99.1 (98.9-99.2) 0.9 (0.8-1.1) 75.1 (74.3-75.9) 24.9 (24.1-25.7)

Men
Refer 8.3 (6.2-10.9) 91.7 (89.1-93.8) 18.4 (15.4-21.9) 81.6 (78.1-84.6) 3.6 (2.4-5.5) 96.4 (94.5-97.6)

Pass 94.8 (94.2-95.4) 5.2 (4.6-5.8) 99.0 (98.7-99.2) 1.0 (0.8-1.3) 65.0 (63.7-66.3) 35.0 (33.7-36.3)

Women
Refer 16.0 (13.5-18.8) 84.0 (81.2-86.5) 18.8 (16.2-21.7) 81.2 (78.3-83.8) 11.8 (9.5-14.5) 88.2 (85.5-90.5)

Pass 98.0 (97.7-98.3) 2.0 (1.7-2.3) 99.1 (98.9-99.3) 0.9 (0.7-1.1) 84.8 (83.9-85.6) 15.2 (14.4-16.1)

*: 1,000-Hz screening test; fail (hearing impairment) was defined as a level above 40 dB HL, †: Mean hearing loss of 
more than 40 dB using a method of calculating the mean of 4 frequencies [calculated by (a+b+c+d)/4, where 
500 (a), 1,000 (b), 2,000 (c), 4,000 (d)], ‡: low frequency: 0.5-1-2 Hz, §: high frequency: 3-4-6 kHz. NH: normal hear-
ing, HI: hearing impaired
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same time, the cutoff value is 37.5 dB HL)(Table 4). 
Furthermore, ROC analysis was performed by com-
bining the frequencies with the highest AUC, and a 
higher AUC score was obtained when the average 
1,000, 3,000 Hz threshold was used. In a further anal-
ysis by age and gender, men showed the same result in 
the same manner (AUC at 2,000 Hz and higher at the 
1,000, 3,000 Hz screening). Women showed the high-
est AUC at 1,000 Hz and the highest AUC in the 
1,000, 3,000 Hz combination. In the age-specific anal-
ysis, all age groups obtained the highest AUC score at  
combination of 1,000-3,000 Hz (data not shown).

Discussion

The purpose of screening tests is to detect disease 
and further study it before it progresses.

It is a substrategy rather than primary prevention, but 
its effect and importance are increasing with the devel-
opment of medical technology. Age-related hearing 
loss and presbycusis are inevitable and difficult to rec-
ognize early and are often recognized after hearing loss 
actually occurs. According to our hearing results 
among adults over 40 years of age, those with mild HL 
(25 dB HL and more) comprised the largest proportion 
(Table 1) of the hearing-impaired subjects rather than 
cases with further progression. This suggests that the 
characteristics of the early stage of hearing loss should 
be adequately observed at the screening stage. 

In fact, as mentioned earlier, passed cases had con-
siderable proportion of mild HL. When calculating 25 
db HL as the criterion for judgment, the refer rate 
reaches 22.9% higher than the previous one, and the 
sensitivity increases but the specificity decreases (68.2, 
93.1%, respectively) compared to the case of setting 40 
dB HL as the screening criterion. 

As a screening tool, considering the need for cost ef-
fectiveness, it is not appropriate Actually, the highest 
AUC was obtained when the cut off value was 27.5 at 
1,000 Hz (Table 2). Even, 1,000 Hz screening also 
showed a significant discrepancy between the high-fre-
quency hearing level and the 1,000-Hz screening re- Ta
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sult. That is, a single-frequency 1,000-Hz test is not 
sufficient to identify the risk group of hearing loss 
through screening because hearing loss starts from high 
frequencies. Even among cases that passed the screen-
ing process, hearing loss at high frequencies accounted 
for 24.9% of the total, of which 35% was higher for 
men than women (15.2%).

Why have we used 1,000 Hz for screening thus far? 
This frequency is representative of the major speech 
bands. In other words, frequencies across 0.5-4 kHz 
contain consonants and vowels that are critical for un-
derstanding speech, and 1 kHz is located in the middle 
of the conversational range, a large part of which is lis-
tening to the language. Therefore, this frequency can 
be easily used in screening. 

Previous studies in the past conducted in other coun-
tries regarding the question of frequency, but the num-
ber was small, and the findings were not implemented 
in Korea. These studies have suggested inconsistently 
in which 2,000 Hz or combination of 1,000 and 2,000 
Hz as best screening method.9-11) Even they confined to 
older ages over 60. Meanwhile, our study showed that 
2,000 Hz was ideal for a single-frequency method, and 
even higher ROC results were obtained when two fre-
quencies were combined, indicating that the most ap-
propriate method was a combination of 1,000 and 
3,000 Hz. Even the combination of 1,000-3,000 Hz 
repeatedly showed the highest AUC in each age group 
analysis.

This is mainly due to the early deterioration that oc-
curs in the high-frequency region; with a lack of use, it 
begins to develop relatively early, even in an individu-
al’s 30s, and gradually progresses to middle and low 
frequencies.12,13)

Additionally, the discrepancy between screening and 
frequency-dependent hearing results was higher for 
men than for women in the high-frequency range. This 
was in line with the findings of a previous study noting 
that hearing loss occurs earlier in men than in women 
and was greater in magnitude in men than in women 
for frequencies between 2 and 12 kHz but not ≤1 kHz 
and >12 kHz due to genetic and environmental (multi-

factorial) reasons.14,15) In South Korea, the occurrence 
of noise-induced hearing loss is significant, as most 
adult men have experience in military duty in their 20s 
and 30s.16) Therefore, the AUC was calculated assum-
ing that the most appropriate single-frequency screen-
ing for men and women was different. However, hear-
ing differences by gender did not lead to differences in 
best screening analysis. As the combination of 1,000, 
3,000 Hz showed the largest AUC in both men and 
women.

This study is meaningful, as it is the first to conduct 
the validity of a hearing screening test for adults repre-
senting Koreans cross-sectionally. Health screenings 
are part of secondary prevention and premature detec-
tion before disease progression.17) In the early discov-
ery of hearing loss, we should see that the onset of 
hearing loss occurs from high frequencies.18) This study 
also clinically suggested that high-frequency hearing 
loss (3,000 Hz) as well as hearing loss at 1,000 Hz 
should be considered. There were more cases of sub-
jective discomfort of hearing than referral with at least 
one ear. Even in adults who passed, more subjects who 
felt discomfort in subjective hearing showed high-fre-
quency hearing loss than did those who did not experi-
ence hearing discomfort.

According to previous studies, people with high-fre-
quency hearing loss may have trouble understanding 
normal speech because they can have problems hearing 
consonant letters that contribute to the clarity of speech 
and experiencing difficulties hearing conversations in 
larger groups in noisy places or in places with back-
ground noise.19) Furthermore, those with high-frequen-
cy hearing loss in the presence of normal speech fre-
quency hearing had higher ORs of having anxiety and 
stress compared to those with normal hearing across 
speech and high frequencies.20) These are not only high-
frequency hearing loss (which was worse than those 
who did not feel discomfort in passed subjects), al-
though mild loss below 25 dB HL. To date, the associa-
tion between HL and cognitive deterioration began to 
occur even with less than 25 dB HL, the threshold of 
known mild hearing loss.
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Although this study did not examine hearing and 
cognition, this relationship should not be overlooked.

In the analysis of the group that was screened as 
passing, the average hearing level of symptomatic 
hearing impaired subjects was worse than in those 
without symptoms (24.9 dB HL vs. 16.0), which shows 
that our current cutoff level (40 dB HL) is fairly high 
and limited to describing symptomatic hearing loss. 
We suggest that stricter screening is necessary.

Considering recent findings of the relationship be-
tween hearing loss and cognitive deterioration, we con-
clude that the current single frequency of 1,000 Hz 
screening (in current referral process) is insufficient to 
describe early deterioration of high frequency hearing 
loss and mild hearing loss, so it needs to be discovered 
with both the 1,000- and 3,000-Hz tests in Korean adults.
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 Appendix 1 

Appendix 1. Hearing related questionnaires

Hearing difficulty
Choose the sentence that best describes your hearing 1. I feel difficulty in hearing

2. I do not feel any difficulty in hearing 
tinnitus

Have you ever heard a sound in your ear within the  
  past year?

1. Yes
2. No
3. I cannot remember

Noise exposure 
1. �Have you worked for more than 3 months in a place with noise  

(such as mechanical or generator induced noise)?

2. �Have you been exposed to loud noises for more than 5 hours  
a week other than occupational exposures?

3. �So far, have you been exposed to sudden loud noises such  
as gunshots or explosions?

1. Yes (at least one) 
2. No 
3. I cannot remember


