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Abstract
Objective: To describe the effect of age and noise on high frequency hearing thresholds in an Italian population aged
70 years and older, in order to investigate the interaction between presbycusis and noise exposure.

Methods: We compared 460 subjects: 367 affected by presbycusis alone (204 women and 163 men) and 93
affected by presbycusis and noise exposure (eight women and 85 men). Pure tone average hearing thresholds,
for each ear, were compared between groups, and between sexes and ages within groups.

Results: A slight threshold difference was found between the two groups at 4 kHz. After adjusting for age and
gender, this difference was found to be related only to differing patient age. Men’s and women’s thresholds
differed significantly in both groups, especially at high frequencies, at which threshold deterioration was worse
in men than women.

Conclusion: The threshold differences between patients with presbycusis with and without noise exposure were
limited. Larger studies are needed to assess the relative effects of ageing and noise exposure on hearing thresholds.
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Introduction
Sensorineural hearing loss (SNHL) is highly prevalent
amongst the elderly, and may lead to a number of oral
communication difficulties in family and social inter-
actions. Several epidemiological studies have been
carried out in developed countries; the reported preva-
lence of SNHL in the elderly has ranged from 16 to 20
per cent.1–6

Besides a reduced ability to enjoy music and other
sounds, hearing loss in the elderly may produce
social isolation, reduce self esteem and induce
anxiety, all of which can affect mental health and
quality of life. In the elderly, hearing loss has been
associated with emotional, social and communication
disability, with important adverse effects on quality
of life.7,8

The most common causes of SNHL in adults are
presbycusis and noise exposure.
Presbycusis reflects the loss of hearing sensitivity

associated with advanced age, and it is the third most
common chronic condition reported by older
people.1–4 The typical audiometric profile clinically
observed in presbycusis is a bilateral, symmetrical,
high-frequency, sensorineural hearing loss which pro-
gresses with age.

Occupational noise-induced hearing loss is defined as
a bilateral, sensorineural hearing loss that develops
slowly over a period of several years as the result of
exposure to continuous or intermittent loud noise in the
workplace.1–4 Typically, the first sign of hearing loss
due to noise exposure is a ‘notching’ of the audiogram
at 3000, 4000 or 6000 Hz, with recovery at 8000 Hz.
Dobie suggested that a large number of US citizens
(approximately 5 to 30 million) are exposed to hazardous
noise levels in the workplace.9 According to recent
studies, based on exposure levels, approximately one in
four workers may develop permanent hearing loss.9

Deterioration of the cochlear structures, particularly
hair cells, results from a complex interaction between
presbycusis and noise-induced hearing loss. How the
two interact in contributing to SNHL is still unclear.10,11

This study aimed to investigate the effect of age and
noise exposure on hearing loss in a group of older
patients with presbycusis, and to determine whether
SNHL has the same course in patients with and
without a history of noise exposure.

Materials and methods
This study included a total of 460 patients; 367 with a
history of presbycusis alone (204 women and 163 men)

Accepted for publication 22 December 2010 First published online 10 June 2011

The Journal of Laryngology & Otology (2011), 125, 776–780. MAIN ARTICLE
©JLO (1984) Limited, 2011
doi:10.1017/S0022215111001101

https://doi.org/10.1017/S0022215111001101 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215111001101


and 93 with a history of presbycusis and noise exposure
(eight women and 85 men). Patients had been evalu-
ated at the audiology department of the University
Hospital of Ferrara between 1 January 2000 and 31
December 2008. At examination, patients’ ages
ranged from 70 to 93 years (median, 75 years).
All patients underwent history-taking (including pro-

fessional anamnesis) and otolaryngological examination.
Exclusion criteria were based on patients’ medical

history and audiometric data. We excluded patients
affected by conductive, mixed and sensorineural
hearing loss due to a specific cause (e.g. sudden deaf-
ness, cranial base fracture, or congenital unilateral or
bilateral hearing loss). We also excluded patients with
asymmetrical hearing loss (i.e. a threshold difference
of 20 dB or more at 500, 1000, 2000, and 4000 Hz).
Unreliable subjects were likewise excluded (Table I).
A medical history was taken for each patient, during

a one-to-one interview, using a questionnaire focussing
on the patient’s otological background and ototoxic
exposure.
Occupational noise exposure was investigated by

asking the patient about their former occupation, particu-
larly regarding the age of first occupational noise
exposure and the duration of exposure (following
Blanchet et al.).12 The type of work place was noted.
Occupational noise exposure was defined as exposure
for three or more years.12 Patients defined as exposed
to occupational noise reported no use, or only occasional
use, of ear protectors. The occupations of patients
defined as noise-exposed are shown in Figure 1.
Any history of ototoxic medication was also

recorded (i.e. streptomycin, quinine or chemotherapy).
A clinical database was then created, dividing

patients into those with presbycusis alone and those
with presbycusis plus noise exposure.

Hearing threshold evaluation

In order to assess hearing threshold, pure tone threshold
audiometry was performed within a sound-proofed cabin
(model E2X2, roll 01008 220V 10A; Mercury, Milan,
Italy). An Amplaid audiometer (Amplaid, Milan, Italy)
calibrated to ISO 9001 (International Standardization
Organization) standards was used. The audiometric pro-
cedure was performed using headphones to assess air

conduction and a bone vibrator for bone conduction.
The better ear was evaluated first. An ascending
method using 5 dB steps was utilised to calculate
hearing threshold. Air conduction hearing thresholds
were obtained at 125, 250, 500, 1000, 2000, 4000 and
8000 Hz. Bone conduction hearing thresholds were
assessed with the use of a masking, white, contralateral
noise, for 250, 500, 1000, 2000 and 4000 Hz.
Audiometric tests were performed by three experi-

enced audiometric technicians.

Statistical analysis

Data were analysed using descriptive statistical studies
available in the Statistical Package for the Social
Sciences (Windows application) software program.
The level of significance considered was p< 0.05.
Non-parametric tests (Wilcoxon and Mann–Whitney)
were used in order to evaluate threshold shifts
between groups of patients. Analysis of variance was
used to estimate the independent relationship between
noise exposure and threshold levels, adjusting for age
and gender.

Results
Mean pure tone average hearing thresholds were calcu-
lated for each tested ear, in both patient groups (i.e.
presbycusis alone and presbycusis plus noise exposure)
(Figure 2).
Statistical analysis revealed a statistically significant

difference between the two groups at 4 kHz, with a
slightly higher threshold level in patients exposed to
noise. There was no statistically significant difference
at any other frequency (Table II).
To assess whether the observed threshold difference

at 4 kHz was attributable exclusively to noise exposure,
analysis of variance was performed, adjusting for age
and gender. This revealed that noise exposure alone
did not explain the observed difference (Table III);

TABLE I

EXCLUSION CRITERIA

Asymmetry
Sudden deafness
Neuroma
Cranial trauma & cranial base fracture
Intensive care hospitalisation
Ménière’s disease
Cranial base surgery
Labyrinthitis
Congenital unilateral hearing loss
Middle-ear implant
Cochlear otosclerosis

FIG. 1

Occupations of patients with presbycusis plus noise exposure.
Labouring= pneumatic drill operator, welder, heavy machinery

operator, tractor driver or miner
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FIG. 2

Mean hearing thresholds: (a) presbycusis, right ear; (b) presbycusis, left ear; (c) presbycusis plus noise exposure, right ear; (d) presbycusis plus
noise exposure, left ear.

TABLE II

HEARING THRESHOLDS IN THE TWO GROUPS

Freq (Hz) Presbycusis+ noise Presbycusis p

Pts (n) HT (dBHL) Pts (n) HT (dBHL)

Mean SD Mean SD

R ear
250 93 22.04 9.76 367 22.45 9.17 NS
500 93 25.70 13.38 367 27.68 10.94 NS
1000 93 34.09 16.28 367 36.23 12.67 NS
2000 93 47.47 14.98 367 47.87 12.50 NS
4000 93 68.92 11.93 367 63.20 12.79 0.001
8000 93 77.90 17.12 367 78.50 15.73 NS
PTA 93 46.02 10.39 367 45.99 9.46 NS
L ear
250 93 21.34 9.73 367 22.37 9.02 NS
500 93 25.11 13.65 367 27.28 10.99 NS
1000 93 35.22 16.58 367 35.19 12.55 NS
2000 93 47.63 15.51 367 47.52 12.88 NS
4000 93 68.87 12.56 367 63.75 12.77 0.001
8000 93 77.26 16.06 367 78.34 14.58 NS
PTA 93 45.90 10.36 367 45.74 9.18 NS

Freq= frequency; HT= hearing threshold; pts= patients; SD= standard deviation; R= right; NS= not significant; PTA= pure tone
average (0.5–4 kHz); L= left
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rather, this difference was related only to differences in
age distribution between the two groups.
Analysis of variance also indicated that when

patients were divided by sex, age was the only factor
affecting hearing threshold levels (Table III).
In addition, there was a statistically significant differ-

ence in hearing threshold levels at high frequencies,
comparing men and women within both groups: men
showed worse threshold deterioration, at 4 and 8 kHz,
than women (Figure 3).

Discussion and conclusions
It is widely accepted that the most common causes of
adult SNHL are ageing (causing presbycusis) and
noise-induced hearing loss.13,14 According to the
American Academy of Otolaryngology–Head and

Neck Surgery, ageing and noise exposure are the com-
monest causes of SNHL, and one in 10 US citizens has
a hearing loss which affects speech comprehension.10

Both noise-induced hearing loss and presbycusis can
result from damage to the outer cochlear hair cells
within the basal turn.10,11

Presbycusis can be considered as the sum of
damages resulting from various forms of physiological
degeneration, including losses caused by ototoxic
agents and by medical disorders and treatment.
Presbycusis affects around 60 per cent of all people
aged over 65 years, and involves a gradual decline in
auditory sensitivity at all frequencies accompanied by
a decrease in speech discrimination. Studies have
demonstrated that presbycusis has a negative effect
on elderly patients’ functional status, quality of life,

TABLE III

ANALYSIS OF VARIANCE FOR EFFECT OF AGE, SEX AND NOISE EXPOSURE ON THRESHOLD LEVEL, AT 4000 HZ∗

Parameter Men† Women‡ All∗∗

F P F P F P

Corrected model 0.67 0.51 2.35 0.10 24.84 0.00
Intercept 25.59 0.00 16.79 0.00 41.91 0.00
Age 1.09 0.30 4.12 0.04 4.55 0.03
Group 0.69 0.41 0.88 0.35 1.33 0.25
Sex 17.48 0.00
Group × sex 0.18 0.67

∗Testing between-subject effects, with dependent variable= 4000 Hz. R2=†0.005, ‡0.022 and ∗∗0.179. F= F test; P= significance level

FIG. 3

Mean hearing thresholds for men and women, within the two groups: (a) presbycusis, right ear; (b) presbycusis, left ear; (c) presbycusis plus
noise exposure, right ear; (d) presbycusis plus noise exposure, left ear.
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cognitive function, and emotional, behavioural and
social well-being.12,15–19

As regards noise-induced hearing loss, it has been
reported that approximately 30 million US workers
are at risk of noise-induced hearing loss, and that 10
million US citizens already have noise-induced
hearing loss.14 However, recent studies indicate that
presbycusis is still the most prevalent type of hearing
loss in the adult population, and that noise-induced
hearing loss accounts for less than 10 per cent of the
burden of adult hearing loss in the US.12,20–23

The current study aimed to describe the hearing
threshold distribution within a patient cohort aged 70
years and older, and to analyse results by age, sex,
and whether patients were affected by presbycusis
alone or presbycusis plus noise exposure.

• This study assessed hearing thresholds in
elderly patients affected by presbycusis with
or without noise exposure, and also analysed
the effect of age and gender

• Hearing was generally related to age rather
than noise exposure

• This confirms recent findings, and supports
the hypothesis that once noise-induced
hearing loss occurs it tends to worsen slightly
with continued exposure, but progressive
hearing loss is primarily due to ageing

• The interaction between noise-induced
hearing loss and presbycusis is difficult to
determine

Data analysis clearly indicated that hearing loss in these
elderly patients was mostly related to age itself rather
than to noise exposure, even at 4 kHz. Therefore, our
data confirm recently reported observations, and
support the hypothesis that once noise-induced hearing
loss has manifested it tends to worsen slightly with con-
tinued noise exposure, but progressive hearing loss is pri-
marily due to ageing.10 A lifetime of noise exposure is
likely to have a negative effect on hearing. However,
the interaction between noise-induced hearing loss and
presbycusis remains difficult to determine.
More research is needed to assess the relative effects

of ageing and noise exposure on hearing thresholds
within the general population.
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