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Abstract
Objective: There are many well-known aetiological mechanisms of presbyacusis, and free radicals have been shown
to play an important role. This study aimed to evaluate the effect of antioxidant agents on the hearing threshold of
patients with presbyacusis.

Methods: One hundred and twenty individuals were divided into four groups and received one of the following
treatment schemes: ginkgo biloba dry extract, α-lipoic acid plus vitamin C, papaverine chlorhydrate plus vitamin E,
or placebo. All participants were evaluated at recruitment and after six months, using pure tone audiometry (at
isolated and average frequencies), speech recognition threshold and percentage index of speech recognition.

Results: The various treatments had no effect on any of the evaluated measures of hearing, either between groups
or over time.

Conclusion: There was no statistically significant change in the hearing threshold after treatment with any of the
tested drugs, during the study period.
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Introduction
Demographic data recorded over the last few decades
indicate an increase in life expectancy, partly due to
advances in medical care. This increase, together
with a decrease in the birth rate, has resulted in an
ageing population, with a proportionately greater
need for social and economic integration. These
changes require modifications in society’s approach
to individual and collective health. In this context,
hearing loss in the elderly, or presbyacusis, is becoming
an increasingly frequent problem, requiring a more tar-
geted approach and the development of new thera-
peutic alternatives.
Presbyacusis is loss of the ability to perceive or

define sounds due to the ageing process.1 It is the
most common cause of hearing deficiency in adults,
affecting approximately 31 per cent of individuals
between 60 and 69 years of age.2

Presbyacusis characteristically manifests as sensori-
neural hearing loss, developing insidiously and sym-
metrically in both ears and progressing with age,
without the development of any other ear problems.3

Current treatment basically consists of hearing reha-
bilitation using personal hearing aids. Despite being a

well established and widespread technology under-
going continual improvement, hearing aids still have
low acceptance. In a notable cohort study, only 10
per cent of elderly individuals who could have bene-
fited from hearing aids used them regularly.4 Another
study found that only 14.6 per cent of elderly patients
with some degree of hearing loss used hearing aids.5

This proportion rose to 55 per cent in cases of severe
hearing loss. Low adherence was related to financial,
psychological and social issues.
Presbyacusis occurs due to cell ageing in conjunc-

tion with a series of cumulative factors such as noise
exposure, systemic disease, drug treatment and
genetic factors. Nevertheless, its exact aetiopathogenic
mechanism has not yet been fully established.6

The proposed aetiological theories attribute a central
role to the action of free radicals. Moreover, studies
have shown that free radicals are involved in several
clinical conditions affecting the cochlea, such as
ischaemia, noise-induced hearing loss and ageing.7

Various antioxidants have been described in the litera-
ture as being beneficial for several clinical conditions,
such as vitamin E for the control of arteriosclerosis
and the treatment of sudden hearing loss, α-lipoic acid
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for diabetes, and ginkgo biloba for neurodegenerative
disease.8–11

Control of hearing damage associated with oxygen
free radicals has been experimentally demonstrated in
animal models. The use of antioxidants has been
shown to correlate with improved responses in brain-
stem auditory evoked potentials and a reduction in
mitochondrial DNA deletions, compared with a
placebo.7 In a canine model, dietary antioxidant sup-
plements were associated with decreased auditory neur-
onal cell degeneration, compared with animals fed a
typical diet.12

For some time now, alternatives to the usual rehabi-
litation with hearing aids have been sought, and posi-
tive results have recently been published. The effects
on auditory processing of citalopram, a serotonin
reuptake inhibitor, have recently been tested in patients
with presbyacusis. In comparison to a placebo group,
two out of three auditory processing tests demonstrated
statistically significant improvement after treatment.13

Another study, assessing the effect of folic acid sup-
plements on the auditory threshold of elderly individ-
uals, found a significant difference between subjects
receiving supplements versus placebo.14 A further
study tested the effects of antioxidants in 46 individuals
with diagnosed presbyacusis who took a combination
of rebamipide, vitamin C and α-lipoic acid for at least
8 weeks.15 Hearing improvement was detected,
especially at low frequencies (i.e. 125, 250 and
500 Hz) and at 8000 Hz, while discrete improvement
was detected at 1000, 2000 and 4000 Hz and general
improvement was detected in the average threshold
for these frequencies.15

The current study aimed to evaluate the effect of
antioxidant treatment on the hearing threshold of
patients with diagnosed presbyacusis, over a longer
treatment period than that assessed by most previous
studies. We also aimed to report any additional benefits
or adverse events which arose during the study.

Materials and methods
This study was approved on 2 July 2010 by the ethics
committee of our institution (protocol number CEP
0723/10). The trial was registered with
the International Clinical Trials Registry Platform of
the World Health Organization (see http:/
/apps.who.int/trialsearch/trial.aspx?trialid=ACTRN12
610000667011).
The initial sample group comprised 120 patients

selected from patients treated at the Center for
Auditory Deficiency, who agreed to participate in the
study by signing an informed consent form. Selected
individuals were 60 years of age or older and had a
clinical and audiological diagnosis of presbyacusis.
Patients with known allergies to any of the test sub-
stances, or contraindications to the use of the test sub-
stances, were excluded. We thus excluded patients with
coagulopathy or diabetes, as well as those requiring
anticoagulant therapy. We also excluded patients

exhibiting other possible causes of hearing loss, such
as long-lasting occupational noise exposure or a
history of ear disease affecting hearing.
A detailed historical record (including comorbidity,

previous hospitalisation, and current or previous medi-
cation) was collected from all participants, in order to
control for the possible adverse effects of treatments
and drug interactions.
Patients received medication for six months. After

allocation to one of four treatment groups, they
received one of the following treatments: ginkgo
biloba (dry extract, 120 mg/day), α-lipoic acid
(60 mg/day) plus vitamin C (600 mg/day), papaverine
chlorhydrate (100 mg/day) plus vitamin E (400 mg/
day), or placebo (starch pills).
Patient allocation to the treatment groups was random-

ised using a spreadsheet generated at a randomisation
website (http://www.randomization.com). The four
treatments were prepared by a pharmacist in vials ident-
ified with the letters A, B, C and D; neither the patients
nor the researchers were aware of the contents of treat-
ment vials, for the duration of the study.
The treatments were supplied to participants free of

charge, and were financed by research funds from the
Center for Auditory Deficiency. Treatment agents
were distributed every two months, at the same time
as participants underwent medical assessments and
interviews focussing on possible adverse treatment
effects and drug interactions.
Audiology evaluations were performed by an audiolo-

gist who was blinded both to the subject’s treatment
agent and to their results for previous examinations.
Audiological evaluation included pure tone audiometry,
impedance audiometry, and assessment of speech recog-
nition threshold and percentage index of speech recog-
nition. The initial audiological evaluation results were
used as a baseline for assessment of subsequent treatment
effects. Audiological evaluation was also performed after
six months of treatment to assess the possible effects of
therapy. The frequencies assessed were 250, 500, 1000,
2000, 3000, 4000, 6000 and 8000 Hz. Hearing improve-
ment was defined as an increase of 10 dB or more at iso-
lated and average frequencies; increases of less than
10 dB and decreases of 10 dB or less were rated as
non-significant, and decreases of more than 10 dB
were rated as deterioration in hearing.
The statistical analysis of all study data was initially

descriptive. For quantitative (numerical) variables,
some summary measures were calculated, such as the
mean, median, range and standard deviation.
Qualitative (categorised) variables were analysed by
calculating absolute and relative frequencies (expressed
as percentages).
The inferential analyses used to confirm or refute

evidence emerging in the descriptive analysis were as
follows.
Pearson’s chi-square test, Fisher’s exact test or its

extension was used to study the association of profiles
among the four treatment groups (i.e. ginkgo biloba, α-
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lipoic acid plus vitamin C, papaverine chlorhydrate
plus vitamin E, and placebo) according to sex, school-
ing, occupation, smoking habits, alcohol habits, sys-
temic arterial hypertension, dyslipidaemia, heart
disease, hypothyroidism, osteoporosis, joint disease,
benign prostatic hyperplasia, other comorbidities,
hearing risk, otoscopy, completion of treatment, and
reasons for not completing the study (the latter only
for patients who did not complete treatment).
Variance analysis with fixed factors was used to

compare the profiles of the four treatment groups
according to age, number of medications and duration
of hearing loss.
Variance analysis with repeated parametric measures

was used to compare the profiles of the four treatment
groups before and after treatment, for the frequencies
250, 2000, 6000 and 8000 Hz, expressed as scores.
Finally, variance analysis with repeated non-para-

metric measures was used to compare the profiles of
the four treatment groups before and after treatment,
for the frequencies 500, 1000, 3000 and 4000 Hz, the
speech recognition threshold and the percentage
index of speech recognition, expressed in degrees.
For all conclusions obtained through inferential

analysis, the level of significance (α) was established
at 5 per cent. Data were recorded in Excel for
Windows 2010 spreadsheets to ensure proper infor-
mation storage. Statistical analyses were performed
using SPSS (version 19.0 for Windows) and R-
Program (version 2.11.1) software.

Results
The study group comprised 120 individuals allocated
randomly to four treatment groups: ginkgo biloba
(120 mg), α-lipoic acid (60 mg) plus vitamin C
(600 mg), papaverine chlorhydrate (100 mg) plus
vitamin E (400 mg), and placebo. A total of 30 individ-
uals were allocated to each group.
Notably, all four groups exhibited profiles that were

statistically similar regarding sex (p= 0.574), age (p=
0.093), schooling (p= 0.299), occupation (p=
0.266), smoking habit (p= 0.974), alcohol habit
(p= 0.339), complaints of tinnitus (p= 0.731) and
number of medications used (p= 0.151) (Table I).
Information on other health and well-being issues

was also recorded, as shown in Table II. All four treat-
ment groups exhibited statistically similar profiles
regarding the use of hearing aids (p= 0.749), systemic
arterial hypertension (p= 0.618), dyslipidaemia (p=
0.923), heart disease (p= 0.615), hypothyroidism
(p= 0.107), osteoporosis (p= 0.766), joint disease
(p= 0.614), benign prostatic hyperplasia (p= 0.600),
other comorbidities (p= 0.586), duration of hearing
loss (p= 0.358), hearing risk (p= 0.339), and oto-
scopy alterations without effects on hearing (p>
0.999).
Participants also underwent audiometric testing (at

250, 500, 1000, 2000, 3000, 4000, 6000 and 8000 Hz)
and assessment of speech recognition threshold and

percentage index of speech recognition, before and six
months after treatment.
Twenty-nine participants did not complete treat-

ment. The percentage of these individuals in each treat-
ment group was similar, and differences between
groups were statistically insignificant (p= 0.247).
Among these 29 participants, the reasons for failing
to complete treatment were: withdrawal (n= 18),
abdominal discomfort (n= 5), death (n= 1) and wor-
sening comorbidity (n= 5); the distribution of these
reasons was statistically similar among all four groups
(p= 0.433).
Statistical analysis of audiometric results was per-

formed on an intention-to-treat basis. Thus, baseline
measures were also attributed as end-of-treatment
measures in individuals who did not complete treatment.
For data analysis, we used the arithmetic means of

results for the right and left sides, as we were not inter-
ested in comparing sides.
A summary of participants’ audiological results is

shown in Table III.
Inferential results showed no interaction effect

between the treatment groups and between the two
time points (i.e. before and after treatment), for any
investigated measure. That is, results before and after
treatment were not significantly different within any
treatment group, and results between groups were not
significantly different either before or after treatment.
Following treatment, the four treatment groups

exhibited no statistically significant audiological differ-
ences at 250 Hz (p= 0.184), 2000 Hz (p= 0.190),
3000 Hz (p= 0.086), 4000 Hz (p= 0.180) or
6000 Hz (p= 0.059). However, significant differences
were observed at 500 Hz (p= 0.001), 1000 Hz (p=
0.001) and 8000 Hz (p= 0.043), as well as for the
speech recognition threshold (p= 0.008) and percen-
tage index of speech recognition (p= 0.003) tests
(Table IV).
When comparing results before versus after treat-

ment, we noticed an increased hearing threshold (i.e.
the hearing threshold was smaller before treatment
than afterwards) at 2000 Hz (p= 0.004) and 6000 Hz
(p= 0.006). In the remaining data, there were no stat-
istically significant changes over time.
It is worth noting that these conclusions were pre-

sented due to a lack of interaction between groups
and time points.

Discussion
In recent years, there has been a large increase in the
number of publications on the use of antioxidant
agents in diverse areas of medicine. In the field of
hearing, there have been reports on the use of antioxi-
dants for several conditions: sudden hearing loss, oto-
toxicity, tinnitus, acute acoustic trauma and
presbyacusis.15,16

Regarding presbyacusis, it is known that auditory
alterations do not occur uniformly among people over
time. This variability suggests that presbyacusis has
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multiple aetiologies and results from a complex inte-
gration of environmental and genetic factors, both at
the cochlear and central levels. Such factors include
environmental agents, for example noise and ototoxic
substances, which cause mitochondrial damage and
oxidation activity.17

Of the several structures related to auditory ageing,
the stria vascularis of the cochlear duct seems to be
one of the most important. Studies on cochlear physi-
ology have indicated that the stria vascularis is the
structure responsible for endocochlear potential gener-
ation and cochlear haemostasis.18 Moreover, microvas-
cular alterations observed in animals during the ageing
process might also be related to degeneration in associ-
ated areas of the stria vascularis.19

Recent research has suggested a significant role for
free radicals in the genesis of presbyacusis. Based on
this, we decided to investigate whether the use of selected
antioxidant agents, which act as antagonists to free rad-
icals, would improve hearing thresholds in patients diag-
nosed with presbyacusis. This expected improvement in

patients’ hearing thresholds would result from controlling
the damage caused by free radicals in the inner ear, more
specifically in the stria vascularis, as well as from an
increase in stria vascularis functioning.
The antioxidant agents used in this study were

selected from available agents with the most consistent
scientific evidence regarding hearing threshold improve-
ment. A literature review showed that few studies exist
on the effects of drugs used to treat presbyacusis; even
fewer of these studies had a control group and a rigorous
methodological design. Some studies indicated that a
combination of different antioxidants wasmore effective
than separate usage. Different antioxidant agents often
have different modes of action. Some stabilise cell mem-
branes (especially mitochondrial membranes), some
remove oxygen free radicals and others act synergisti-
cally with other antioxidants.7,20 We used antioxidant
agents either alone or in combination, to establish their
efficacy as agents of hearing improvement.
The selected antioxidants were prepared following

strict pharmacological standards. However, it is

TABLE I

PATIENT DEMOGRAPHIC AND CLINICAL DATA

Parameter Group p

P GB AA+VC PP+VE

Gender (n (%))
– Male 11 (36.7) 16 (53.3) 14 (46.7) 12 (40.0) 0.574∗
– Female 19 (63.3) 14 (46.7) 16 (53.3) 18 (60.0)
Age (years)
– Mean 75.4 74.3 74.6 71.2 0.093†

– Median 76.5 73.5 73.5 69.0
– Range 60–89 61–94 66–84 62–83
– SD 7.0 8.5 5.4 6.4
Schooling (n (%))
– Illiterate – 2 (6.7) 2 (6.7) – 0.299‡

– Literate 2 (6.7) 4 (13.3) 3 (10.0) –
– Primary school 23 (76.7) 18 (60.0) 20 (66.7) 27 (90.0)
– High school 3 (10.0) 5 (16.7) 3 (10.0) 3 (10.0)
– Higher education 2 (6.7) 1 (3.3) 2 (6.7) –
Occupation (n (%))
– Retired 28 (93.3) 25 (83.3) 28 (93.3) 23 (76.7) 0.266‡

– Unemployed – – – 1 (3.3)
– Employed 2 (6.7) 5 (16.7) 2 (6.7) 6 (20.0)
Smoking? (n (%))
– No 28 (93.3) 27 (90.0) 27 (90.0) 26 (86.7) 0.974‡

– Yes 2 (6.7) 3 (10.0) 3 (10.0) 4 (13.3)
Alcohol? (n (%))
– No 28 (93.3) 23 (76.7) 25 (83.3) 24 (80.0) 0.339∗
– Yes 2 (6.7) 7 (23.3) 5 (16.7) 6 (20.0)
Other complaints (n (%))
– No tinnitus 15 (50.0) 16 (53.3) 18 (60.0) 13 (43.3) 0.731∗
– Tinnitus 15 (50.0) 14 (46.7) 12 (40.0) 17 (56.7)
Rx number (n (%))
– 0 4 (13.3) 6 (20.0) 8 (26.7) 3 (10.0) 0.151†

– 1 4 (13.3) 9 (30.0) 9 (30.0) 7 (23.3)
– 2 10 (33.3) 9 (30.0) 5 (16.7) 7 (23.3)
– 3 3 (10.0) 4 (13.3) 1 (3.3) 6 (20.0)
– 4 5 (16.7) 1 (3.3) 4 (13.3) 3 (10.0)
– 5 1 (3.3) – – 3 (10.0)
– 6 3 (10.0) – 3 (10.0) 1 (3.3)
– 7 – 1 (3.3) – –

∗Chi-square test; †analysis of variance with fixed factors; ‡Fisher’s exact test or its extension. P= placebo; GB= ginkgo biloba; AA+VC=
α-lipoic acid plus vitamin C; PP+VE= papaverine chlorhydrate plus vitamin E; SD= standard deviation; Rx number= number of
medications
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known that some substances, mainly phytotherapeutic
agents such as ginkgo biloba, are difficult to standar-
dise as regards bioavailability and bioequivalence cri-
teria. Moreover, although safe doses of these
substances have been well defined, the establishment
of precise therapeutic doses (as required in the
present study) still requires more research. Our study
did not use standardised, commercial pharmaceutical
products because the combinations required were not
commercially available; moreover, the use of commer-
cial preparations would have made blinding impossible
for both patients and researchers.
Some participants did not complete all stages of the

study. It is worth noting that the number of participants
who did not complete the study was statistically similar
in all four groups. Moreover, the reasons for loss to
follow up were evenly distributed. We therefore con-
clude that, in this patient group and for this length of
treatment, tolerance of the tested substances was

adequate, with none causing clinically significant
adverse effects.
During the selection stage, the presence of other

possible causes of hearing loss (besides presbyacusis)
was an exclusion criterion. We also excluded patients
with diabetes mellitus and anticoagulant drug use.
We included the latter criterion because the use of
ginkgo biloba in patients already taking anticoagulants
may aggravate haemorrhagic phenomena.21 Similarly,
α-lipoic acid may reduce blood glucose levels and
thus affect glycaemic equilibrium, especially in users
of hypoglycaemic agents.10,22 Other known participant
comorbidities were researched in the literature to deter-
mine whether they could affect hearing thresholds. For
example, it has been suggested that cardiovascular con-
ditions are associated with audiometric alterations,
mostly in the low frequencies.23,24 In our patients, the
distribution of investigated comorbidities was homo-
geneous among treatment groups, preventing any

TABLE II

PATIENT COMORBIDITY AND HEARING DATA

Parameter Group P

P GB AA+VC PP+VE

Hearing aid use? (n (%))
– No 27 (90.0) 24 (80.0) 27 (90.0) 26 (86.7) 0.749∗
– Yes 3 (10.0) 6 (20.0) 3 (10.0) 4 (13.3)
Arterial HT? (n (%))
– No 9 (30.0) 12 (40.0) 14 (46.7) 12 (40.0) 0.618†

– Yes 21 (70.0) 18 (60.0) 16 (53.3) 18 (60.0)
Dyslipidaemia? (n (%))
– No 25 (83.3) 26 (86.7) 25 (83.3) 24 (80.0) 0.923†

– Yes 5 (16.7) 4 (13.3) 5 (16.7) 6 (20.0)
Heart disease? (n (%))
– No 28 (93.3) 30 (100.0) 30 (100.0) 29 (96.7) 0.615∗
– Yes 2 (6.7) – – 1 (3.3)
Hypothyroidism? (n (%))
– No 28 (93.3) 29 (96.7) 26 (86.7) 23 (76.7) 0.107∗
– Yes 2 (6.7) 1 (3.3) 4 (13.3) 7 (23.3)
Osteoporosis? (n (%))
– No 26 (86.7) 26 (86.7) 28 (93.3) 25 (83.3) 0.766∗
– Yes 4 (13.3) 4 (13.3) 2 (6.7) 5 (16.7)
Joint disease? (n (%))
– No 28 (93.3) 27 (90.0) 25 (83.3) 25 (83.3) 0.614∗
– Yes 2 (6.7) 3 (10.0) 5 (16.7) 5 (16.7)
BPH? (n (%))
– No 28 (93.3) 28 (93.3) 28 (93.3) 30 (100.0) 0.600∗
– Yes 2 (6.7) 2 (6.7) 2 (6.7) –
Other comorb? (n (%))
– No 20 (66.7) 23 (76.7) 20 (66.7) 18 (60.0) 0.586†

– Yes 10 (33.3) 7 (23.3) 10 (33.3) 12 (40.0)
Hearing loss durn (years)
– Mean 6.1 6.9 5.5 7.3 0.358‡

– Median 5.0 5.5 4.5 5.0
– Range 2–10 1–20 1–15 1–25
– SD 3.0 4.2 3.7 5.3
Hearing risk? (n (%))
– No 27 (90.0) 26 (86.7) 22 (73.3) 25 (83.3) 0.339†

– Yes 3 (10.0) 4 (13.3) 8 (26.7) 5 (16.7)
Otoscopy (n (%))
– No alterations 30 (100.0) 30 (100.0) 29 (96.7) 29 (96.7) >0.999∗
– Bilat tympanosclerosis – – – 1 (3.3)
– R tympanosclerosis – – 1 (3.3) –

∗Fisher’s exact test or its extension; †chi-square test; ‡analysis of variance with fixed factors. P= placebo; GB= ginkgo biloba; AA+VC=
α-lipoic acid plus vitamin C; PP+VE= papaverine chlorhydrate plus vitamin E; pts= patients; HT= hypertension; BPH= benign prostatic
hyperplasia; comorb= cormobidity; durn= duration; SD= standard deviation; bilat= bilateral; R= right

J F POLANSKI, O L CRUZ138

https://doi.org/10.1017/S0022215112003118 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215112003118


TABLE III

AUDIOLOGICAL DATA

Test Time point P GB AA+VC PP+VE

Mean Med Min Max SD Mean Med Min Max SD Mean Med Min Max SD Mean Med Min Max SD

250 Hz Pre 32.1 31.3 15.0 55.0 13.2 37.6 36.3 17.5 80.0 13.9 31.8 28.8 5.0 62.5 13.0 29.7 30.0 7.5 65.0 13.6
250 Hz Post 30.1 28.8 12.5 55.0 12.0 34.9 32.5 12.5 75.0 14.0 29.7 28.8 5.0 52.5 10.4 30.3 27.5 5.0 57.5 13.7
500 Hz Pre 35.3 30.0 17.5 57.5 12.7 42.5 41.3 22.5 77.5 12.0 32.6 35.0 7.5 57.5 11.1 31.9 32.5 10.0 60.0 14.7
500 Hz Post 35.7 32.5 15.0 60.0 13.1 43.0 41.3 17.5 75.0 12.4 31.3 32.5 7.5 52.5 11.1 33.8 36.3 5.0 60.0 15.8
1000 Hz Pre 41.8 42.5 20.0 62.5 12.4 49.0 47.5 30.0 75.0 10.5 39.4 38.8 10.0 57.5 12.2 38.0 37.5 12.5 62.5 13.7
1000 Hz Post 42.3 42.5 22.5 62.5 11.0 50.6 50.0 30.0 70.0 11.1 39.4 41.3 10.0 65.0 13.8 41.3 40.0 15.0 67.5 14.7
2000 Hz Pre 52.8 55.0 20.0 75.0 12.7 53.6 52.5 35.0 72.5 9.9 48.3 46.3 20.0 67.5 11.7 47.7 47.5 27.5 70.0 13.1
2000 Hz Post 53.4 55.0 25.0 77.5 12.8 55.6 57.5 37.5 77.5 11.2 49.9 48.8 20.0 85.0 14.9 50.8 47.5 30.0 70.0 12.7
3000 Hz Pre 58.3 60.0 20.0 82.5 13.7 59.7 60.0 40.0 102.5 12.7 54.2 52.5 35.0 80.0 12.9 52.7 51.3 27.5 72.5 11.5
3000 Hz Post 59.6 60.0 32.5 90.0 12.4 61.4 63.8 40.0 95.0 12.3 56.0 55.0 22.5 87.5 16.8 55.3 53.8 32.5 77.5 10.7
4000 Hz Pre 63.2 62.5 30.0 97.5 14.3 63.3 63.8 35.0 97.5 12.1 57.9 58.8 17.5 82.5 14.3 57.3 57.5 30.0 77.5 12.0
4000 Hz Post 61.7 62.5 40.0 95.0 13.1 64.3 67.5 35.0 100.0 12.6 59.0 57.5 22.5 90.0 16.3 58.7 56.3 35.0 85.0 11.5
6000 Hz Pre 68.0 68.8 37.5 97.5 13.5 71.4 72.5 50.0 110.0 12.2 65.2 63.8 40.0 87.5 13.8 62.3 60.0 42.5 90.0 12.6
6000 Hz Post 70.0 72.5 35.0 105.0 16.1 74.8 76.3 50.0 107.5 15.6 66.1 63.8 37.5 100.0 16.7 66.1 61.3 45.0 100.0 14.6
8000 Hz Pre 68.5 67.5 32.5 102.5 15.4 75.8 76.3 47.5 100.0 13.1 70.3 66.3 40.0 100.0 14.9 64.3 65.0 32.5 90.0 13.8
8000 Hz Post 69.3 67.5 35.0 97.5 16.2 77.3 78.8 47.5 100.0 15.1 71.3 68.8 40.0 100.0 17.5 67.9 67.5 32.5 100.0 15.7
SRT∗ (dB) Pre 48.3 48.1 26.3 66.3 10.6 52.1 51.3 36.3 72.5 9.0 44.5 44.4 25.6 61.9 10.1 43.7 44.1 26.3 61.9 12.1
SRT∗ (dB) Post 48.3 48.8 28.8 65.6 10.2 53.4 53.4 33.1 73.1 9.9 44.9 44.4 21.9 72.5 12.1 46.1 44.1 25.6 67.5 12.2
PISR (%) Pre 73.3 74.0 26.0 98.0 16.1 75.4 78.0 46.0 100.0 16.1 76.8 77.0 40.0 98.0 14.0 84.1 85.0 56.0 96.0 9.5
PISR (%) Post 72.7 72.0 44.0 96.0 13.4 70.5 74.0 24.0 100.0 18.4 77.4 79.0 40.0 96.0 14.4 81.9 84.0 42.0 96.0 11.3

Data represent hearing thresholds (dB) unless otherwise specified. ∗Mean of results at 500, 100, 2000 and 4000 Hz. P= placebo; GB= ginkgo biloba; AA+VC= α-lipoic acid plus vitamin C; PC+VE=
papaverine chlorhydrate plus vitamin E; Med=median; Min=minimum; Max=maximum; SD= standard deviation; Pre= before treatment; Post= after 6 months of treatment; SRT= speech recognition
threshold; PISR= percentage index of speech recognition
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conclusions about associations between specific clini-
cal conditions and hearing thresholds. This homogen-
eity also minimised the possible influence of
comorbidities on the final study results.

• Free radicals are known to contribute to
presbyacusis aetiology

• Several antioxidants (i.e. free radical
antagonists) are known to be clinically
beneficial

• This study evaluated the hearing effects of
antioxidants in presbyacusis patients

• No statistically significant change was
observed

A 2009 study by Takumida and Anniko investigated
the use of α-lipoic acid, vitamin C and rebamipide in
individuals with presbyacusis, and found hearing
threshold improvements after treatment.15 However,
this study differed from our own as regards length of
follow up (which was approximately three months on
average) and methodology. Our study used a longer
follow-up period (six months). Even so, the length of
treatment used in our study may have been too short,
as presbyacusis is an insidious and slowly progressing
condition.
Importantly, during our six-month follow-up period

there were no apparent significant modifications in the
placebo group. This finding may corroborate the idea
that the slow progression of presbyacusis demands
longer periods of experimental treatment, in order to
enable a more accurate analysis of the potential
effects of antioxidants on the natural progression of
this disease.
The results of the current study did not show any stat-

istically significant effects of antioxidant agents on the
hearing threshold of the sample population, over the
six-month study period.
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