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1. INTRODUCTION

Few studies have explored the relationship between noise
exposure and auditory processing at low sensation levels
(SLs). There is evidence that young normal-hearing sub-
jects frequently exposed to high-noise events have poorer
envelope discrimination [1], and poorer amplitude modu-
lation detection (AMD) [2], at low SLs compared to low
noise-exposed control subjects. Conversely, in another
study, although young normal-hearing subjects with exten-
sive use of personal music players had worse frequency
discrimination thresholds at low SLs, they had better AMD
thresholds compared to a control group [3]. Furthermore,
older subjects showed better AMD than young subjects [2].

2. METHODS

2.1 Participants

Forty participants (20 females) between the ages of 33 and
75 years (mean 58.7 years) were recruited, with normal or
near-normal absolute thresholds up to 1 kHz and a mild-
to-moderate threshold elevation between 3 and 6 kHz. The
study was approved by the NRES Committee North West
- Greater Manchester South (IRAS number 184199; REC
number 16/NW/0260).

2.2 Pure tone audiometry

Pure-tone air-conduction audiometric thresholds were
measured at 11 frequencies between 125 Hz and 8000 Hz.
The average of the hearing thresholds was used to classify
participants as Normal (17 participants) with an average of
≤ 20 dB HL, or Mild Hearing Loss (23 participants) with
an average between 21 and 36 dB HL.

2.3 Noise exposure

Lifetime noise exposure was estimated through the Noise
Exposure Structured Interview (NESI, [4]), recording the
frequency, duration and level of each activity to derive a
single measure related to lifetime-accumulated energy of
exposure. The NESI score was used to categorise par-
ticipants into Low-, Medium- or High-Noise groups (40-
20-40% of distribution, respectively). Only the Low- and
High-Noise groups were considered in the mixed-effects

modelling. These had median NESI scores of 1.05 and
2.23 log10(Energy), respectively.

2.4 Musical experience

The NESI was also used as a proxy measure of partici-
pants’ musical experience. The total number of hours of
playing a musical instrument and/or singing was taken as
the metric of musical experience. Twenty-one participants
had no musical experience, and 19 had some experience or
were expert musicians.

2.5 Psychophysical tasks

All testing was performed in a double-walled sound-
attenuating booth using monaural stimuli delivered by Et-
ymoric Research ER4s. Computer-tracked psychophysical
measures of absolute threshold (ABS) were followed by
measures of frequency difference limens (FDLs) and AM
discrimination (MDD). The experiments were performed
at five centre frequencies (0.75, 1, 3, 4 and 6 kHz) and at
both 15 and 25 dB SL relative to the ABS.

2.5.1 Absolute threshold

The ABS was measured for pure-tone signals using a three-
alternative forced-choice method, with a two-down one-up
adaptive tracking procedure.

2.5.2 Frequency difference limens

A two-alternative forced-choice paradigm, with a two-
down one-up adaptive tracking procedure, was used. One
interval contained four identical tone bursts (AAAA),
while the other interval contained two alternated (target)
bursts (A’B’A’B’) with ∆f increase and decrease in f0.

2.5.3 Amplitude modulation depth discrimination

A two-alternative forced-choice paradigm, with a two-
down one-up adaptive tracking procedure, was used. One
interval contained the standard (target) AM tone with a
modulation depth (ms) fixed at 9.6 dB (peak-valley am-
plitude), while the other interval contained the compari-
son AM tone with a modulation depth (mc) initially set at
1.7 dB (i.e. a very shallow modulation) and was always
less than the standard depth. The task was to indicate the
interval having the greater modulation depth. The MDD
threshold was expressed as ∆m = ms−mc.
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2.6 Data analysis

Mixed-effects modelling was performed including only the
Low- and High-Noise exposure groups. The entire co-
hort was used in the Spearman’s correlation coefficient for
ranked data.

Figure 1. Mean (and SE) of ABS and FDLs for the Low-
and High-Noise exposure groups.

3. RESULTS

3.1 Absolute thresholds

The ABS results (Fig. 1, left panel) were best explained
by a mixed model (R2=0.80) with Frequency and Hearing
groups as fixed effects; while the participants were entered
as random intercepts. The thresholds at 0.75 and 1 kHz
were significantly lower than at 3, 4 and 6 kHz, and the 3
kHz threshold was lower than that at 6 kHz. The Normal
group had an average threshold about 10 dB better than the
Mild Hearing Loss group.

3.2 Frequency difference limens

The FDLs (Fig. 1) were fitted with a mixed model
(R2=0.76) having Frequency and Music Experience
groups as fixed effects; and including by-participant ran-
dom intercepts and by-participant random slopes for Fre-
quency. The FDL was significantly worse at 4 and 6 kHz
than the lower frequencies. No effect of lifetime noise ex-
posure was observed. Participants without music experi-
ence had worse performance than the participants with mu-
sic experience.

Figure 2. Mean (and SE) of MDD thresholds for the Low
and High noise exposure groups. In the right panel: MDD
at 6 kHz and 25 SL dB against the noise exposure scores.

3.3 Amplitude modulation depth discrimination

Figure 2 shows the results for the MDD thresholds. The
mixed-model (R2=0.47) had SL, Noise groups and their
interaction as fixed effects, and Music groups separately as
fixed effects; participants were treated as random effects.

Overall performance was lower (better) at 25 dB SL com-
pared to 15 dB SL. MDD threshold was better for partici-
pants with music experience than for those without. At dB
25 SL, the High-Noise group showed significantly lower
MDD thresholds than the Low-Noise group, and a negative
correlation existed between NESI score and MDD thresh-
old at 0.75, 3, 4, 6 kHz. The latter was the most robust
(r=-0.591 p<0.001).

4. DISCUSSION & CONCLUSIONS

Two psychophysical tasks were used to assess a possible
low-SL sub-clinical hearing deficits as a function of noise
exposure. There was a significant effect of participants’
musical experience on FDL performances. The FDL in-
creased (worsened) as a function of frequency irrespective
of Noise or Hearing Groups. These results suggest that
the FDL is not a sensitive marker for noise damage as-
sessment. The MDD threshold at 25 dB SL was lower
(better) for the High-Noise group than for the Low-Noise
group. The results support earlier evidence [3,5] of a nega-
tive relation between MDD thresholds and noise exposure.
Improved performance on MDD is most likely associated
with OHC dysfunction.
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