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Abstract: Our objective was to determine the high-frequency hearing thresholds of women
with multiple sclerosis (MS) and to investigate the presence of side dominance for high-
frequency perception. We submitted 19 affected and 106 nonaffected women (controls) to
high-frequency audiometry and classified them in subgroups according to their age (3040,
40-50, and 50-60 years). We analyzed data through selected statistical tests. We could detect
no consistent effect of side dominance and observed a general increase in the hearing sensitiv-
ity for high frequencies in MS patients. We concluded that high-frequency sounds seemed to
be detected more easily by MS patients than by controls.
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earing alterations in multiple sclerosis (MS)
H are generally described in the literature as
gradual threshold decreases in high frequen-
cies [1-4], often observed with alterations of the acous-
tic reflex [5]. Tonal audiometry evaluates frequencies
from 0.25 to 8 kHz. However, in some specific situa-
tions, descendant curves may indicate a diminished high-
frequency auditory perception. High-frequency evalua-
tion may search hearing thresholds within the range of
9-18 kHz, depending on the equipment used. This eval-
uation contributes to early detection of hearing loss at-
tributable to lesions located in the base of the cochlear
duct and may indicate alterations even before the char-
acteristic effects appear in the conventional frequency
range. It is also important to monitor hearing function
during treatment with ototoxic drugs, because the use
of such drugs may damage the cochlea, initially affect-
ing the highest frequencies [6].
As MS affects women more than twice as often as
men (approximately 70% female and 30% male) [7], the
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aim of this study was to compare the high-frequency
hearing thresholds of female MS patients with those of
members of a control group. The literature lacks data
on high-frequency hearing thresholds for the normal
population. In addition, we performed an investigation
into the presence of a side-dominance effect for high-
frequency perception.

METHOD

This project was submitted to and fully approved by
the local ethics committee,* and the volunteers read
and signed an informed consent to become enrolled in
this research. The study group consisted of 19 women,
ranging in age from 30 to 60 years, who had diagnosed
relapsing-remitting MS according to criteria from Poser
et al. [8] and McDonald et al. [9].

We set up three subgroups according to age
ranges: 30—40 years (n = 9), 40-50 years (n = 6), and
50-60 years (n = 4). Our control group consisted of
106 women aged 30—40 years (n = 81), 40-50 years
(n = 18), and 50-60 years (n = 7).

* Universidade Tuiuti do Parand, protocol number 084/
2005
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In all subjects, we performed neurological and audi-
tory evaluations. The latter comprised pure-tone au-
diometry, speech perception thresholds, speech dis-
crimination scores, and immittance tests. The exclusion
criteria were presence of any otological conditions or
otological history (or both) and altered results for the
audiometry test [10] and immittance test [11]. We
performed a high-frequency threshold search using the
AC40 high-frequency audiometer by Interacoustics
(Assens, Denmark) and digital earphones HV/PRO by
Koss (Milwaukee, WI, USA). The evaluated frequen-
cies ranged from 9 to 16 kHz as follows: 9, 10, 11.2,
12.5, 14, and 16 kHz.

We used the Wilcoxon test to compare left and right
high-frequency hearing thresholds of the MS and con-
trol groups, according to age range, with a significance
level of 5%. We used the Mann-Whitney test to com-
pare our study group with our control group, by ear and
by age range, with a significance level of 5%.

RESULTS

The analyses for the effect of side dominance consid-
ered the number of valid cases (i.e., the number of indi-
viduals who could respond to the tested stimulus in at
least one ear). Results were inconsistent for both study
and control groups (Table 1): Those in the control group
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Table 1. Valid Cases According to Age Range and
Presence of Effect of Side Dominance for High-Frequency
Auditory Perception

Valid Cases of MS
Among Controls
(per age range, yr)

Valid Cases of MS
(per age range, yr)

Frequency

(kHz) 3040 40-50 50-60  30-40 40-50  50-60
9 O* 5 3 81 18 7

10 9 5 3 81 18 7

112 9 5 3 81* 18 7

125 9 5 3t 78 17* 7*

14 9 5% 3t 77 17 47

16 9 5% 3t 73 15 17

*p = .05 (Wilcoxon test).
Test not performed owing to lack of data.

were positive at 11.2 kHz (30-40 years) and 12.5 kHz
(40-50 years), whereas those in the MS group were
positive at 9 kHz (30-40 years), 14 kHz (40-50 years),
and 16 kHz (40-50 years).

Table 2 shows the high-frequency hearing threshold
averages and standard deviations. MS patients from 30
to 50 years old presented a significantly lower average
at 9 kHz (left ear) and at 16 kHz (both ears) in compar-
ison to the controls; beyond 50 years of age, subjects
with MS presented a lower average threshold at 14 kHz
(left ear).

Table 2. Valid Cases and Average and Standard Deviation of Left- and Right-Ear Hearing Thresholds in Multiple Sclerosis and

Control Groups According to Age Range

Age 3040 Yr Age 40-50 Yr Age 50-60 Yr
Right Ear Left Ear Right Ear Left Ear Right Ear Left Ear
Frequency
(kHz) MS CTRL MS CTRL MS CTRL MS CTRL MS CTRL MS CTRL
9 N 9 81 9 81 6 18 6 18 4 7 4 7
AVG (dB) 294 34.6 17.8 33.7% 37 45 31 46.1* 60 64.3 55 579
+SD 7.68 13.47 7.95 12.32 144 15.62 114 11.58 18.03 28.05 21.79 2498
10 N 9 81 9 81 6 18 6 18 4 7 4 7
AVG (dB) 328 372 36.1 359 40 472 484 442 633 67.1 68.3 593
+SD 10.64 1591 9.28 14.62 1541 16.11 12.76 13.42 12.58 2325 28.87 28.78
112 N 9 81 9 81 6 18 6 18 4 7 4 7
AVG (dB)  40.6 399 35 37.1 43 52.8 56 47.8 80 78.6 71.7 65.7
+SD 13.79 18.02 10.31 17.94 12.04 19.57 14.75 20.24 10 19.3 32.15 27.15
12.5 N 9 78 9 80 6 17 6 18 4 7 4 7
AVG (dB) 433 41.1 40.6 419 51 57.1 62 50.8 85 943 86.7 81.4
+SD 14.58 17.57 11.58 20.65 21.62 21.07 144 23.84 5 13.36 15.28 17.49
14 N 9 78 9 71 6 17 6 17 4 5 4 6
AVG (dB) 433 573 45.6 55.7 68 82.6 85 76.5 86.7 102* 91.7 98.3
+SD 19.69  22.14 16.67 2237 18.91 21.3 14.58 21.27 2.89 5.7 2.89 8.16
16 N 9 75 9 74 6 15 6 16 4 2 4 2
AVG (dB) 65.6 84.1%* 65 83.4%* 86 105.7* 92 103.8* 90 102.5 90 105
+SD 16.29 19.97 182 20.26 6.52 6.78 6.71 7.85 0 3.54 0 7.07

*p = .05 (Mann-Whitney test).

AVG = average (dB); CTRL = control group; MS = multiple sclerosis group; N = number of valid cases; SD = standard deviation.
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In the MS group, the number of valid cases was con-
stant as the tested frequency increased, meaning that all
subjects were able to respond for every searched fre-
quency. Conversely, in the control group, the number
of valid cases consistently dropped with the progressive
increase of the tested frequency (see Table 2). We ob-
served a consistent increase in the average hearing
threshold along with the age-range progression for both
MS and control groups in every tested frequency.

DISCUSSION

Information presented in the literature on hearing loss
(incidence, types, and degrees) in MS remains contro-
versial, probably owing to the diffuse characteristics
and wide variability of clinical manifestations observed
in this disease [4,5]. The literature contains no infor-
mation on the presence of an effect of side domi-
nance for high-frequency hearing thresholds either in
the normal-hearing population or in MS patients. Our
research was inconclusive in this respect, and further
investigation with larger samples may achieve more
reliable results.

Several authors have affirmed that deep auditory
losses are not likely to occur as a typical symptom of
MS and that, if present, auditory alterations tend to be
mild [5,12,13]. Isolated neurosensory auditory losses
may occur as a rare initial manifestation of MS [4,5],
present in approximately 1% of affected patients [4].
Colletti [14] mentioned that 4% of evaluated patients
presented some measurable change for low and me-
dium frequencies. Conversely, several authors reported
audiometric profiles with auditory losses in high fre-
quencies and normal tonal sensitivity for low and me-
dium frequencies in MS patients [1,2,15,16]. In our
study, we found no evidence of hearing loss in MS pa-
tients. Nevertheless, regardless of the age range, af-
fected patients were able to respond to every tested fre-
quency, whereas the number of controls able to respond
to stimuli has consistently dropped with the increase of
the tested frequency. This finding suggests that high-
frequency hearing sensitivity may be generally increased
in MS patients.

We observed a decline in the high-frequency sen-
sitivity with a concomitant increase of the frequency
of stimulus and the age range in both study groups
(see Table 2). This finding is in general agreement with
previously reported studies of normal-hearing sub-
jects [6,17,18]. In spite of numerous investigations,
the causes of hearing loss in MS are still unclear. What
is known, however, is that hearing deficits in some
frequencies are a potential consequence of interrup-
tions of the auditory paths, which may be caused by
demyelinization.
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CONCLUSION

We cannot state unequivocally, on the basis of our
study or information in the literature, that the increased
perception of high-frequency sounds is directly related
to MS. However, our results suggest that high-frequency
sounds seemed to be more easily detected by MS pa-
tients in comparison to controls. Further research is
needed to achieve reliable conclusions. We could detect
no consistent effect of side dominance either in MS pa-
tients or in controls, though we could observe a general
increase in the high-frequency hearing sensitivity in
subjects with MS.
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