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Objectives. The purpose of this study was to obtain sex- and age-specific reference level for hearing threshold of normal
aging in Korean and to determine if the rate of change in pure-tone hearing thresholds differed by sex.

Methods. Subjects were clients who visited the Health Promotion Center, Daegu Fatima Hospital, Daegu, Korea, from January
2004 to September 2005. Pure-tone audiometric measures were obtained from 3,470 subjects who also completed a
hearing questionnaire. The slope of a linear regression was used to estimate the rate of change in pure-tone thresholds
at 0.25 to 8 kHz for each ear in 214 men and 902 women without past history of otorrhea, usage of ototoxic drugs, head

injury, job in noisy environment, and military service.

Results. Hearing thresholds were elevated with age in all test frequencies. Significant sex differences were found in pure-tone
thresholds at 4 and 8 kHz after adjusting for age using analysis of covariance. In those high frequencies, hearing was
worse in men than in women. The average rate of change in threshold was 0.28 and 0.24 dB per year at 0.25 kHz, in-
creasing gradually to 1.27 and 1.05 dB per year at 8 kHz for men and women, respectively. Men had significantly faster

rates of threshold increase at 4 and 8 kHz than women.

Conclusion. These cross-sectional measures of hearing levels and rate of threshold increases at 4 and 8 kHz showed significant
sex differences in Korean men and women with little evidence of noise-induced hearing loss.
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INTRODUCTION

Evidence exists that suggests that age-related hearing loss differs
between men and women (1). The vast majority of studies mea-
suring pure-tone thresholds in men and women in other countries
have indicated that older men have substantially more high-fre-
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quency hearing loss and slightly less low-frequency hearing loss,
as compared with older women (2-9). These sex differences in
high-frequency thresholds often have been attributed to the like-
lihood that men have been exposed to more noise, at work and
recreationally, than women. Some researchers have suggested
that this sex difference is not totally due to changes in the cochlea.
For example, women, tend to have smaller pinnae and ear canals,
might produce greater physiological masking noise at low frequ-
encies, and the coupling of the earphone used in audiometric te-
sting may be less effective for women because of their smaller ou-
ter ears (10). However, age-related changes in middle-ear func-
tion, which could affect low-frequency thresholds, generally do
not vary by gender (2). Also, hormonal differences between men
and women also might explain some of the variance in hearing
among the elderly (1). There is some evidence that innate differ-
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ences between the sexes might affect the course of age-related
hearing loss.

A few studies of age-related hearing loss have been conduct-
ed in Korea. However, reports of sex differences in hearing sen-
sitivity of Koreans have been inconsistent. An early Korean study
concluded that women have poorer hearing than men above 2
kHz (11). To date no sex difference in the incidence of presby-
cusis has been reported (12, 13). Other studies have reported
better hearing sensitivity in women than in men (14-16).

The aim of our study was to establish sex- and age-specific re-
ference ranges of hearing thresholds in normally aging Koreans
and to identify age-related sex differences in pure-tone hearing
thresholds.

MATERIALS AND METHODS

Subjects

Subjects were clients who visited the Health Promotion Center,
Daegu Fatima Hospital, Daegu, Korea between January 2004
and September 2005. Three thousand four hundred seventy sub-
jects who submitted hearing questionnaires voluntarily were eval-
uated. Subjects included 1,947 men and 1,523 women.

Data were excluded for the present analyses if the subjects
were foreigners, repeated testers, or did not complete the ques-
tionnaire. Also excluded were subjects with a positive history of
otorrhea for any ear, usage of intravenous antibiotics, diuretics,
and chemotherapeutic agent, head injury, job in a noisy environ-
ment, and military service. Any subjects with asymmetric hear-
ing results were also excluded. More than a 15 dB difference at
0.5, 1, or 2 kHz was defined as asymmetric hearing. Fig. 1 depicts
the number of subjects excluded. Many male subjects were ex-

Total 3,470
(1,947 men/1,523 women)
Jan. 2004-Sep. 2005

F—{ 2. Repeated tester 98 (75/23)

4. Positive history of external
causes of hearing loss
2,029 (1,577*/452)

*{ 6. Untested PTA 2 (1/1)

Included Subject 1,116
(214 men/902 women)

1. Foreigner 1 (0/1)

3. Incomplete questionnaire
146 (969/77)

5. Asymmetric hearing loss
78 (11/67)

Fig. 1. Flowchart for the exclusion of subjects. *Indicates that many
male subjects were excluded because of a positive history of military
service.

cluded because of a history of military service. Finally, 214 men
(11% of the initial male group) and 902 women (59% of initial
females) were included. Ages ranged from 15 to 83 yr and the
mean age of men and women were 47.6 and 46 yr, respectively.

When investigating “pure presbycusis,” it is difficult to control
external factors. For example, the Baltimore Longitudinal Study
of Aging described subjects as “a relatively homogeneous group
of well-educated, predominantly healthy, upper-middle-class,
community dwelling men” (17). Since the clinical tests and pro-
cedures at our? Health Promotion Center were costly and not
covered by medical insurance, it can be assumed that the sub-
jects in this study were community dwelling people and not very
sick or very poor, and, in this regard, were thought to be rela-
tively homogeneous

Apparatus and procedures
As part of the health check, subjects completed continuous pure-
tone audiologic testing followed by pulsed pure-tone testing. He-
aring threshold levels were obtained at six frequencies (0.25, 0.5,
1, 2, 4, and 8 kHz) using a Beltone Model 112 Audiometer (Bel-
tone Electronics Corporation, Chicago, IL, USA). Subjects were
instructed to press a hand-held response key upon hearing a tone.
Each ear was tested individually with pulsed tones presented th-
rough a TDH 50P headphone. The better ear was tested first or
the right ear tested first if the subject indicated that hearing sen-
sitivity was the same in both ears. During the audiometric tests,
subjects were seated in a sound-treated chamber (Model IAC 400
A, Industrial Acoustics Company Inc., Bronx, NY, USA).
Testing began at 1 kHz, and continued successively to the high-
er test frequencies (2, 4, and 8 kHz) and then back to 1 kHz for
a reliability check. The lower frequencies, 0.5 and 0.25 kHz, were
presented last. Threshold levels were determined in 5-dB steps
by three ascending and descending crossings. The audiometer was
calibrated to audiometric zero in accordance with standards set
by the American National Standards Institute (ANSI 1989).

Statistical methods

The average threshold of both ears for each subject expressed
in dB HL (hearing level) at each of 6 frequencies was used for
analyses.

Descriptive statistics were used to obtain sex- and age-specific
reference levels for hearing thresholds.

In order to control for high-incidence causative factors of he-
aring loss other than age, subjects with a positive history of mil-
itary service were excluded intentionally. In this study of an elder-
ly population, there were more women than men, which is cha-
racteristic of the general population. For these two reasons, sub-
jects were more likely to be women. Since age and sex effects
were confounded, a one-way analysis of covariance (ANCOVA)
was used to analyze the data to reveal sex differences after adjus-
ting for age effects.

The slope of a linear regression line was used to calculate the



rate of change in pure-tone threshold frequencies. Linear regres-
sion was chosen as the preferred procedure over nonlinear regres-
sion because linear regressions are easier to interpret and com-
pare. Slope differences between men and women were also eval-
uated.

RESULTS

Sex- and age-specific reference levels for hearing
thresholds

Average hearing thresholds increased with age in both men and
women for all of the tested frequencies. Fig. 2 shows the audio-
gram of averaged thresholds for each decade of age for men and,
separately, for women. The mean values and 95% confidence
intervals of pure-tone threshold are summarized in Table 1.

Sex and age effects on hearing threshold

To determine sex effects without confounding age effects, AN-
COVA of the rate of change in pure-tone thresholds was per-
formed at each frequency, with sex as a grouping factor and
age as a covariate. This approach allowed the age effect to be
separated from the sex effect as age was held constant when
the sex difference was measured. Results of the ANCOVA (Table
2) showed that the sex effect (state the actual effect) was signifi-
cant at 4 and 8 kHz, whereas the age effect (state the age effect)
was significant at all the tested frequencies.

Sex and frequency effects on rate of threshold change
The slope of a linear regression line was used to estimate the rate
of change in pure-tone thresholds in the cross-sectional study.
There was a significant correlation between age and hearing thres-
hold for each frequency in men and women (P<0.001).

Fig. 3 shows the rate of change in pure-tone thresholds for men
and women. The rate of change ranged from increases of 0.28
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dB per year at 0.25 kHz to 1.27 dB per year at 8 kHz in men
and from 0.24 dB per year at 0.25 kHz to 1.05 dB per year at 8
kHz in women. Men had a significantly greater rate of change
at 4 and 8 kHz than women.

DISCUSSION

Results indicated lower pure-tone thresholds for women than
men at frequencies above 2 kHz. This finding is consistent with
current knowledge of sex differences in hearing sensitivity, as re-
flected in cross-sectional studies (18-20). Until now, sex differen-
ces in rates of change in hearing thresholds were less clearly docu-
mented across the adult lifespan. A large study of pure-tone thres-
holds in the Framingham cohort suggested that the rate of change
with age did not differ by sex (2). Additionally, previously publi-
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Fig. 3. Rate of change in pure-tone thresholds for men and women.
The slope of the linear regression line was compared between men
and women. Error bars are =1 SD. Statistical significance at P<0.05
and P<0.01 are indicated by * and **, respectively.
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Fig. 2. The average pure-tone audiogram for different age groups by decade in men and women.
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Table 1. Summary of threshold (dB HL) data showing means and 95 % confidence intervals (Cl) by age groups

Frequency Age 0 LG
(kHz) (yr) No. Mean 95% ClI 95% Cl No. Mean 95% Cl 95% CI
lower upper lower upper

0.25 10-19 3 10.8 2 175
20-29 5) 11.0 41 139 124 15.4
30-39 4 16.3 14.3 18.3 242 158 15.0 16.5
40-49 78 175 16.0 19.0 313 174 16.7 18.1
50-59 57 18.9 16.9 20.9 193 195 185 20.6
60-69 26 23.8 20.9 26.8 9% 22.7 20.7 24.6
70-79 4 25.0 13 29.0
80-89 0 2 30.0
10-19 3 126 2 15.0

0.5 20-29 5) 7.5 41 115 9.9 13.1
30-39 41 12.3 10.7 13.9 242 120 1.3 12.8
40-49 78 141 12.7 15.5 313 129 12.2 13.6
50-59 57 15.0 13.2 16.7 193 16.1 15.0 17.2
60-69 26 191 16.0 223 96 20.4 18.3 224
70-79 4 25.6 13 25.6
80-89 0 6.7 2 338

1 10-19 3 55 2 15.0
20-29 ® 10.2 85 119 41 85 71 9.9
30-39 4 129 1.2 145 242 10.1 9.4 10.7
40-49 78 153 135 17.1 313 10.6 9.9 11.2
50-59 57 18.8 15.2 22.5 193 149 138 16.0
60-69 26 26.3 96 21.4 19.4 233
70-79 4 13 27.7
80-89 0 2 325

2 10-19 3 25 2 15.0
20-29 5) 25 41 5.6 3.7 7.6
30-39 4 6.4 44 8.4 242 79 7.2 87
40-49 78 111 9.7 125 313 94 8.6 10.1
50-59 57 143 120 16.6 193 145 13.2 15.8
60-69 26 22.7 18.2 27.2 9% 20.4 18.2 226
70-79 4 24.2 13 31.7
80-89 0 2 33.8

4 10-19 3 33 2 15.0
20-29 5) 0.0 41 5.7 38 7.5
30-39 41 11.9 8.8 15.0 242 9.6 8.7 10.6
40-49 78 22.2 19.0 255 313 121 11.2 13.1
50-59 57 257 219 29.4 193 19.2 17.6 20.7
60-69 26 41.0 314 50.5 96 29.4 26.6 322
70-79 4 388 13 M7
80-89 0 33 2 38.8

8 10-19 3 55 2 138
20-29 ® 14.8 1.2 18.3 41 6.9 42 9.6
30-39 4 254 22.1 28.7 242 131 12.0 14.1
40-49 78 31.7 27.2 36.1 313 16.9 15.6 18.1
50-59 57 57.9 49.0 66.8 193 29.4 27.3 315
60-69 26 58.8 96 457 422 49.3
70-79 4 13 63.7
80-89 0 2 56.3

shed longitudinal analyses of age-related changes in hearing thres- 10 yr of follow-up, and only two or three repeated observations,
holds that included both men and women generally had less than and did not include individuals younger than 60 yr of age (2, 7,



Table 2. Sex and age effects: results of analysis of covariance with
sex as a grouping factor and age as a covariate and vice versa

Sex effect

Correlation coefficient (r) (L e — Age effect
Frequency (kHz)

0.25 Not significant 0.246*
05 Not significant 0.269*

1 Not significant 0.350*

2 Not significant 0.442~

4 -6.654* 0.681*

8 -4.903" 1.093*
*P<0.001.

21). Since hearing sensitivity begins to decline before age 60, as
shown in this study (Fig. 2), it is necessary to evaluate the sex
differences in the rates of change in hearing sensitivity throu-
ghout a broader lifespan. Further, this cross-sectional study re-
vealed greater rates of threshold change in the higher frequen-
cies, and that men have a significantly greater rate of change above
2 kHz than women have.

This study can not provide the underlying biological causes for
sex differences in age-related hearing loss. However, it does pro-
vide new phenotypical data regarding hearing loss in adult Ko-
reans.

It is well established that long term exposure to noise can affect
the rate of change in hearing thresholds. Even though the sub-
jects in this study were from relatively low-noise occupations and
with little evidence of noise-induced hearing loss, innate differ-
ences between the sexes of unknown origin likely modulate the
course of age-related hearing loss. For example, the influence of
hormones such as estrogen, progesterone, and aldosterone remain
to be evaluated as factors in the long-term effect of sex differen-
ces and invite further research.

In conclusion, our cross-sectional findings document sex differ-
ences in hearing levels and in age-related rates of threshold chan-
ges at 4 and 8 kHz. This study contributes to our understanding
of age-related hearing loss in Koreans with little evidence of noise-
induced hearing loss.
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