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We examined amplitude and latency of
the auditory brainstem response (ABR)
waveform as functions of chronological
age in 182 male and 137 female subjects.
Hearing sensitivity was within normal lim-
its in 98 subjects. The remaining 221
subjects had varying degrees of sensori-
neural hearing loss. Age had a slight
effect on both latency and amplitude of
wave V. In subjects with normal hearing,
latency increased about 0.2 ms over the
age range from 25 to 55 years. In the same

group, wave V amplitude decreased about
10%. In subjects with sensorineural hear-
ing loss, the latency increase was smaller,
but the amplitude decrease was equiva-
lent. Sex also affected the ABR. In both
normal and hearing-impaired subjects,
female subjects showed consistently
shorter latency and larger amplitude at all
age levels. Wave V latency was about 0.2
ms shorter and wave V amplitude was
about 25% larger in female subjects.

(Arch Otolaryngol 106:387-391, 1980)

In less than a decade, auditory brain¬
stem response (ABR) audiometry

has assumed a prominent role in clini¬
cal audiology. Following the Jewett
and Williston1 report in 1971, numer¬
ous investigators have studied the
ABR in subjects with normal hear¬
ing211 and a range of otologie and
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neurologie disorders.1--'"' The develop¬
mental aspects of the ABR in neo¬

nates, infants, and young children are
also well established.31" "·1 From
birth to approximately 18 months,
latency of the ABR, in particular the
wave V component, systematically
decreases, while amplitude increases.

In contrast to the interest in the
developmental changes in the ABR,
the potential influence of aging in
adults has received remarkably little
attention. Age is an important factor
in behavioral audiometry. The age-
related decrease in pure-tone sensitiv¬
ity for higher frequencies'",7 and, in
some patients, lower frequencies, ,s~4"

is well documented. Depressed per¬
formance in speech understanding for
both single words"·41"43 and, especially,
sentences in competition1"13 is asso¬
ciated with aging. Age is also a factor
in impedance audiometry. Static com¬

pliance decreases as a function of
age.44 4' With increasing age, acoustic
reflex thresholds usually improve
slightly for pure-tone signals, and are
elevated for noise signals, even in
subjects with normal hearing.4" Conse¬
quently, the noise-tone difference
(NTD) is decreased as a function of
age.4"17 Recently, Gersdorff4* reported
decreased amplitudes for crossed (con¬
tralateral) and uncrossed (ipsilaterai)
acoustic reflexes, again, in subjects
with normal hearing sensitivity. In
view of these documented age effects
in other aspects of auditory function,
it seems reasonable to suspect an age
factor in the ABR.

There is mounting evidence that sex
is a factor in both behavioral and
impedance audiometry. In older
adults, pure-tone sensitivity for high-
frequency, pure-tone signals is usually
better in women than in men, while
sensitivity for low-frequency pure-
tone signals is usually better in men
than women.4"1"·5" Sex differences in
performance on diagnostic speech
audiometrie procedures have also been
reported.4" Sex is a factor in some

impedance audiometry measures.
Static compliance tends to be greater
in male than in female subjects." ,''

However, a sex effect is not apparent¬
ly reflected in acoustic reflex thresh¬
olds.44

Recent evidence suggests that both
age9·52"" and sex32·5335 affect the ABR.
We report the effects of age and sex
for ABR wave V latency and ampli¬
tude.

METHOD
Subjects

The subjects were 319 patients, aged 20
to 79 years, whose clinical records were
studied retrospectively. All subjects had
received a routine audiologic evaluation at
the Methodist Hospital/Neurosensory Cen¬
ter, Houston. There were 182 male and 137
female subjects. In 98 subjects, hearing
sensitivity was within normal limits; that
is, equal to or better than 20 dB hearing
level (HL) for octave frequencies from 250
through 4,000 Hz. The remaining 221 sub¬
jects had varying degrees of sensorineural
hearing loss. All subjects had normal mid¬
dle ear function, as defined by impedance
audiometry, and no audiometrie evidence
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of retrocochlear disorder. In the sensori¬
neural group, ABR latency and amplitude
are always reported for the ear with better
hearing sensitivity.

Instrumentation and Procedure
The instrumentation and procedure used

in this study have been described pre¬
viously.'2*""' «M-«" In brief, the acoustic
signal used to elicit the ABR was a half-
cycle of a 3,000-Hz sinusoid. Signal intensi¬
ty is expressed in HL (ie, decibels above
average normal hearing for the click). The
ABR was recorded by conventional signal-
averaging technique. Standard EEG disk
electrodes were attached to the vertex (ac¬
tive) and to each mastoid. The mastoid of
the stimulated ear served as reference, and
the opposite mastoid served as ground.
Prior to electrode placement, the three
electrode sites were cleaned with an abra¬
sive gel to reduce interelectrode resistance
to less than 4,000 ohms. The EEG signal
was preamplified (Grass P511) with a volt¬
age gain of 200,000 and band-pass filtered
from 300 to 3,000 Hz (6 dB/octave skirt).
The signal averager (Nicolet, 1010) was

triggered for a 10-ms sweep at the onset of
each signal. A total of 2,048 sweeps was

averaged. Half of the signals (1,024) were
condensation clicks, and half were rarefac¬
tion clicks.

Subjects were seated in a double-walled
sound-treated room. Each subject was
tested at a high intensity (90 or 100 dB HL)
and at 10- to 20-dB intensity decrements
until the ABR was no longer observed.
However, for this study, only ABRs for
signal intensities of 70 to 90 dB HL were

analyzed. The latency of wave V (the time,
in milliseconds, from signal onset to the
positive peak of wave V) and the amplitude
of wave V (in microvolts) measured from
the peak of wave V to the following trough
were determined for each response.

RESULTS
Figure 1 shows mean ABR latency

(wave V) as a function of age in both
the normal and sensorineural groups.
Results for male and female subjects
are plotted separately. The average
signal intensity was comparable (83 to
85 dB HL) for all groups of subjects.
In the normal group, latency in¬
creased as a function of age for both
sexes. For both male and female sub¬
jects, the average latency in the oldest
group was 0.20 ms longer than the
average latency in the youngest
group. However, while the relative
age effect was comparable for male
and female subjects, there was a dis-

tinct difference in the absolute laten¬
cies between sexes. In each age group,
the average latency of the ABR was

longer for male than for female sub¬
jects. In male subjects, the latency
ranged from 5.70 ms in the youngest
group to 5.89 ms in the oldest group.
For female subjects, the latency
ranged from 5.57 ms for the youngest
group to 5.76 ms for the oldest group.
Combining all age groups, the average
latency for male subjects was 0.14 ms

greater than the latency for female
subjects.

In the sensorineural group, latency
showed little change as a function of
age. For male subjects, the average
latency in the oldest group was only
0.10 ms longer than the average laten¬
cy in the youngest group. For female
subjects, there was no consistent
change in latency as a function of age.
In contrast to the small age effect, the
difference in absolute latencies be¬
tween male and female subjects was

substantial, ranging from 0.19 ms in
the youngest age group to 0.35 ms in
the oldest age group. Collapsed across

age, the average sex difference was
0.25 ms.

Figure 2 shows mean ABR ampli¬
tude (wave V) as a function of age in
both groups. Results for male and
female subjects are plotted separate¬
ly. Again, the average signal intensity
was comparable (83 to 85 dB HL) for
all groups of subjects. In the normal
group, wave V amplitude for female
subjects showed a very slight decrease
(0.025 µ ) from the youngest to oldest
age groups. For male subjects, the
amplitude decrease was twice as great
(0.050 pV) from the youngest to the
oldest age groups. Compared with the
weak age effect on normal ABR
amplitude, the sex difference was
robust. Female amplitude consistently
exceeded male amplitude by amounts
ranging from 0.080 µ in the youngest
group to 0.120 µ in the oldest
group.

In the sensorineural group, there
was a slightly greater age effect on
wave V amplitude. For female sub¬
jects, amplitude decreased by about
0.050 µ . For male subjects, amplitude
decreased by about 0.020 µ . Again, a
sex difference in wave V amplitude is
clearly evident. The amplitude for

female subjects exceeded the ampli¬
tude for male subjects by up to 0.150
µ (in the 50 to 59 year age group).

In view of the dependence of both
amplitude and latency of the ABR on

auditory sensitivity in the high-fre¬
quency (1,000 to 8,000 Hz) region,"> it
is possible that the sex differences
observed in Fig 1 and 2 could be due to
subtle differences in high-frequency
hearing sensitivity, differences favor¬
ing the female group. To investigate
this possibility, we calculated the
mean and standard deviation of the
threshold HL at each test frequency
from 250 through 8,000 Hz for each
sex. Table 1 summarizes these data
for the normal group (40 female and
58 male subjects).

Average HLs between sexes dif¬
fered in excess of 2 dB at only one test
frequency; at 250 Hz, the average
threshold level was 2.17 dB better for
male subjects. At 8,000 Hz, the aver¬

age level for female subjects was 1.29
dB poorer than the average level for
male subjects. It is unlikely that these
differences in sensitivity level could
produce significant effects on either
ABR amplitude or latency. However,
if they did, the effects would be in the
direction of decreasing amplitude and
increasing latency in the group with
greater loss, the female group. How¬
ever, in fact, actual results were re¬
versed. In spite of poorer sensitivity,
female subjects showed larger ampli¬
tude and shorter latency. Therefore,
we conclude that the sex differences
in ABR amplitude and latency cannot
be accounted for by subtle differences
in high-frequency hearing sensitivity
in the normal group.

Table 2 summarizes means and
standard deviations for wave V laten¬
cy and amplitude collapsed across age
subgroups, along with the probability
of a error derived from tests of statis¬
tical significance of mean differences
in latency and amplitude. For latency,
the mean sex difference, collapsed
across age, was 0.14 ms. For ampli¬
tude, the mean sex difference was
0.088 µ .

In the total sensorineural group
(N = 221), there was an inevitable
interaction among age, sex, audio-
metric contour, and the amplitude and
latency of ABR. Not unexpectedly,
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Fig 1 .—Mean latency of wave V of auditory brainstem response as

function of age for male and female subjects with both normal
hearing (N = 98) and sensorineural hearing loss (N = 221).
Brackets Indicate SEM.
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Fig 2—Mean amplitude of wave V of auditory brainstem response
as function of age for male and female subjects with both normal
hearing (N = 98) and sensorineural hearing loss (N = 221).
Brackets indicate SEM.

male subjects, especially in the older
age groups, had more high-frequency
sensitivity loss than female subjects.
To control for this factor, we formed
two matched subgroups of 35 male
and 35 female subjects from the total
sensorineural pool. The subgroups
were selected in such a way that aver¬

age age and average audiometrie con¬

tour were matched as closely as possi¬
ble. Table 3 summarizes average
audiometrie threshold HLs for these
male and female subgroups. At all test
frequencies, average threshold levels
for the two sexes were within 3 dB,
except at 8,000 Hz, where female sub¬
jects were actually 12 dB poorer than
male subjects. Again, if this differ¬
ence at 8,000 Hz had an effect on the
ABR, it would be in the direction of
penalizing female subjects. Thus,
shorter latency and larger amplitude
in the female subgroup cannot be
attributed to audiometrie contour.

Table 4 summarizes mean latency
and amplitude measures for these two

matched sensorineural subgroups.
Wave V latency was an average of
0.250 ms shorter in the female group,
and wave V amplitude was an average
of 0.069 µ larger.

COMMENT
Two conclusions seem warranted.

First, there is a slight age effect on
the ABR. In subjects with normal
hearing, latency increased about 0.20
ms over the age range from 25 to 55
years, and amplitude decreased about
0.050 µ . Beagley and Sheldrake33 not¬
ed a similar but smaller effect in 70
normal subjects. In the sensorineural
group, age had relatively little effect
on latency, but amplitude showed the
same 0.050-µ decrease. The age
effect, albeit relatively modest, should
be taken into account in ABR audiom¬
etry. Slightly delayed wave V latency,
and smaller wave V amplitude, must
be expected in older patients.

Second, there is a pronounced sex

effect in the ABR. In subjects with

normal hearing, female subjects
showed consistently shorter latency
and larger amplitude at all age levels.
Beagley and Sheldrake33 noted a simi¬
lar effect on latency in their 70 normal
subjects. In contrast to the influence
of age, the differential effect of sex
on the ABR seems to be slightly
enhanced by sensorineural loss.

The clinical implications of the age
and sex effects in the ABR are impor¬
tant. For example, the proportion of
male to female subjects in normative
data groups is a prime consideration.
Many audiology facilities, especially
in university settings, find it conve¬
nient to test young, normal-hearing
female subjects during the standard¬
ization process.

Values derived from such groups
must be regarded as highly suspect
when used as a normal standard for
evaluation of the clinical population.
In fact, in evaluating the ABR in
older, adult male subjects, the use of
such normal values could easily con-
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Table 1.—Means and Standard Deviations of Threshold Hearing Levels
in Normal Group*

Frequency, Hz

Sex No. Measure 250 500 1,000 2,000 4,000 8,000
Mean 8~54 8~23 5~23 3~45 10.30 11.50

M 40
-_SD_7.81 6.12 5.55 6.13_7.04 15.88
Mean 10.71 7.43 5.80 3.91 9.18 12.79
SD 10.60 9~71 6~18 6~63 7~6 15.05

SN = 98.

Table 2.—Sex Differences in Wave V Latency and Amplitude for 98 Subjects
With Normal Hearing

Measure

Sex

Index
Sex

Difference
Sample size No. 40 58

Age, yr Mean 39.0 40.0
Wave V latency, ms Mean 5.83 5.69

SD 0.34 0.30
SEM 0.05 0.04

020

Wave V amplitude, µ Mean 0.284 0.372
SD 0.081 0.124
SEM 0.013 0.016

088 .003

'Probability of Incorrectly rejecting null hypothesis (o error).

Table 3.—Means and Standard Deviations of Threshold Hearing Levels
in Matched Sensorineural Loss Subgroups

Test Frequency, Hz

35

Sex No. Measure 250_500 1,000 2,000 4,000 8,000
M 35 Mean 17.50 16.70 19.00 23.77 46.87 39.59

_SD 10.69 11.23 14.09 17.68 12.47 20.93~"
Mean 19.80 19.00 17.97 28.13 45.67 51.93
SD 12.82 10.18 9~Ö~8 13.84 14.47 18.51

Table 4.—Sex Differences in Wave V Latency and Amplitude for 70 Selected
Subjects With Sensorineural Hearing Loss

Measure

Sex

Index
Sex

Difference
Sample size No. 35 35
Age, yr Mean 55.0 55.5
Wave V latency, ms Mean 5.99 5.74

SD 0.31 0.34
SEM 0.05 0.06

0.25 002

Wave V amplitude, µ\ Mean 0.268 0.328
SD 0.088 0.136
SEM 0.015 0.023

0.069 026

'Probability of incorrectly rejecting null hypothesis (a error).

tribute to inaccurate clinical interpre¬
tation. For example, at a signal inten¬
sity of 85 dB HL, the average wave V
latency in our young female subjects
was less than 5.6 ms. At the same

signal intensity, the average wave V
latency in our male subjects of 40 to 49
years was greater than 6.0 ms. Since
the standard deviation for the wave V
latency in the young female group
was about 0.20 ms, the latency of the
older male subjects would, in compari¬
son, appear abnormally delayed.

We have stressed that both age and
sex must be routinely considered in
the generation of normal values for
the ABR. Since the Jewett and Willis-
ton1 1971 report, abundant data on the
normal ABR have been reported in
the literature. We hypothesized that
by compiling these normal data, and
examining them for age and sex

effects, we might augment the pres¬
ent findings. With this objective in
mind, we surveyed 37 studies report¬
ing ABR data for 617 normal adults,
published from 1971 to 1978. In gener¬
al, information on subject age and sex
was rarely reported. Only 6% of the
studies reported ABR data as a func¬
tion of age. Of the remaining studies,
56% reported only the age range of
subjects; 36% provide no age data.
Subject sex was noted in 67% of the
studies. The ABR data were reported
as a function of subject sex in only two
studies (6% of the total). Thus,
although normal data for the ABR
have been reported for at least 617
subjects, the effects of age and sex are
accounted for in only 120 or 19%.
Clearly, the potential influences of
age and sex on the ABR have been
grossly unappreciated.

The age effect on the ABR was not
unexpected. Anatomic and physiologie-
changes in the peripheral and central
auditory system have long been asso¬
ciated with aging.3"-39 It is not unrea¬
sonable to expect that the ABR would
reflect such changes. What, then, is
the basis of the sex difference in the
ABR? We can only speculate with
Stockard et al33 that, due to the rela¬
tively smaller dimensions of the
female CNS, neural transmission time
of the ABR is reduced. The actual
basis for the conspicuous sex differ¬
ence deserves further investigation.
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