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Abstract

T

he P300 is a long-latency auditory evoked potential highly dependent on cognitive skills. It is
believed that cognitive changes caused or not by depressive symptoms may interfere with the P300.
Aim: To investigate the influence of aging, cognitive and depression aspects of the P300 latency
in elderly people.
Methods: Clinical and experimental study with 60 elderly patients with sensorineural hearing loss
of mild to moderately severe level, 20 males and 40 females, average age of 71.1. Participants were
submitted to the long latency auditory evoked potential, in which the P300 latency (milliseconds)
was studied. The cognitive aspects were assessed using the Mini-Mental State Examination (MMSE)
and Alzheimer’s Disease Assessment Scale (ADAS-Cog). In the assessment of depressive symptoms
the Geriatric Depression Scale (GDS-15) was applied.
Results: We found a significant positive correlation between latency and age (p = 0.031). There were
no significant differences among the P300 latency and the ADAS-Cog (p = 0.584), MMSE (p = 0.199)
and GDS (p = 0.541) categories.
Conclusion: Aging caused an increase in the P300 latency; however, cognitive performance and
the presence of depressive symptoms did not influence the P300 results in this elderly population.
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INTRODUCTION

and, for this reason, sometimes there are paradoxical
findings in the studies encompassing the population
at this age range.
Aiming at having better safety in the clinical and
scientific use of the P300 in the elderly, it is necessary
to investigate the influence of some factors which are
commonly seen in the population at this age range,
such as cognitive decline and depression symptoms.
The hypothesis used as basis for the present study was
that cognitive changes - whether generated or not by
depression symptoms - may impact the P300 cognitive
potential. Thus, this study aims at investigating the
influence of aging, cognitive aspects and depression
symptoms in the P300 latency in elderly with hearing
loss.

The higher population longevity brings about
an increase in organic, functional and psychosocial
diseases and dysfunctions to the elderly. Among these,
there are deterioration of the auditory function, cognitive decline and depression symptoms - situations that
can worsen the aging process.
With the body’s aging, many structural changes
affect the auditory nerve along the brainstem and temporal lobe auditory pathways1. The effects of aging on
the peripheral and central auditory systems interact with
the cognitive decline, and hearing loss may worsen the
effects of a cognitive deficit and vice-versa2-4.
These changes stemming from the aging process
may lead to a number of changes in family and social
lives. Among such changes is the onset or worsening
of depression symptoms, because of communication
difficulties generated by a reduction in hearing 5,6.
Another relevant fact is that depression may simulate
dementia, for it worsens the performance of patients
in cognitive tests7.
Elderly with depression may have important
functional and cognitive changes. Many of these changes are similar to the ones seen in dementia, while
others are more similar to normal aging. The most
frequent cognitive changes in depressed elderly are the
executive functions, attention deficits and reduction in
processing speed8.
The P300 Long Latency Auditory Evoked Potentials reflect the functional use the individual makes of
the auditory stimulus, and among the evoked auditory
potentials this is the one which better reflects mental
functioning, being highly dependent on cognitive skills,
i.e. attention and discrimination9,10.
Aging is known for degenerating brainstem structures, and as a consequence, it increases the absolute
latencies of auditory evoked potentials1,11-13. Even when
considered an objective assessment method, the P300
may suffer interference from other factors which contribute to the variability of its measurements. Researchers
Tremblay & Burkard14 discussed about the hard task of
establishing homogeneous criteria for this potential in
studies involving the elderly, because such population
also suffers intrinsic and extrinsic influences of the
very aging process. When examining this population,
hardly ever one finds completely healthy individuals

METHOD
Ethical concerns
This study is an experimental research with a
non-probabilistic sample for convenience purposes;
and it was approved by the Ethics in Research Committee of our Institution, under protocol # CEP 09/0149.
The subjects were informed about the goals and methodology of the study and agreed to participate freely,
signing the Consent Form.
Sample selection and series
We considered the following eligibility criteria
to make up the sample: a) having symmetrical mild to
moderately-severe bilateral sensorineural hearing loss15;
c) not having overt neurological and/or psychiatric diseases; d) not use any medication or drug which acts in
the central nervous system that could alter the person’s
concentration or attention and e) being 60 years old or
older, in other words, be an elderly according to the
National Statute of the Elderly (Brazil, 2003).
The elderly which made up the sample were
randomly selected in a clinic for the hearing impaired
of a public hospital, after an initial analysis of their
charts to check whether they met the aforementioned
inclusion criteria.
Thus, the sample had 60 elderly with mild to
moderately-severe sensorineural hearing loss, 40
(66.7%) females and 20 (33.3%) males, in the age range
between 61 and 85 years (mean of 71.7 years - SD-6.1)
and mean schooling of 5.4 years (SD-4.2).
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Procedures
Initially, all the elderly were submitted to assessment of their cognitive and psychological aspects
in order to classify their performances as normal or
abnormal. Following that, they were submitted to electrophysiological assessment. These procedures were
carried out in two sessions, in the first we employed
the cognitive and psychological assessment protocols,
in the second the subjects were submitted to electrophysiological testing.

answers options (“yes” or “no”). To analyze the results
we considered the score criteria suggested by Almeida
& Almeida19, and scores higher than five points were
considered abnormal. Deployment time was five minutes.
P300 - electrophysiological assessment
In order to assess the P300 Long Latency Auditory
Evoked potential we used the four-channel Biologic
Systems Corp. equipment , with the Evoked Potential
System version 5.7, Model 92, and a Pentium R microcomputer. The exam was carried out in a silent and
semi-dark room. The individuals were awake, sitting
in a comfortable chair.
The individual was first asked concerning the use
of medication in the 24 hours prior to the exam, doing
extraneous mental or physical activities, smoking and/
or ingestion of stimulants, i.e. tea, coffee or chocolate.
All the participants answered “no” to these questions.
Electrode positioning followed the International Electrode System (IES) 10-20 (Jasper20) standard,
namely, in the front, (Fz) the ground electrode, in the
midline of the cranial vertex, (Cz) the active electrode,
and in the ear lobes (A1 = left ear and A2 = right ear)
the reference electrode.
We used a tone burst stimulus in the frequencies
of 500 and 1000 Hz, since these are the ones more frequently preserved in individuals with hearing loss. The
stimuli were presented in an odd-ball type of paradigm
(20%-80%), the rare tone burst was in the 1000 Hz
frequency, and the other stimulus - the frequent tone
burst was in the 500 Hz frequency. The patient was
instructed to pay attention to the different stimuli (rare
stimulus) which appeared randomly, in a sequence of
equal stimuli (frequent stimulus).
The stimuli were presented in only one ear
by means of an insertion ER-3A earbud. The stimuli
presentation level varied between 70 and 88 dBHL,
according to the hearing threshold for pure tones without a hearing aid. Each stimulus lasted for 200 ms,
and the rise-decay was 50 ms. There were 300 stimuli
in the scan. The stimuli presentation speed was 1.1/s
with alternate polarity, and the recording window was
of 512 ms.
In this study, the latency was marked only in
the rare stimulus trace at the maximum point of the
P300 wave amplitude, after the N1-P2-N2 complex. The
individuals who did not have responses for the P300

Assessment of cognitive aspects
All the participants were submitted to cognitive
assessment by means of the Mini-Mental Exam (MME)
and the Alzheimer’s disease Assessment Scale - ADAS-Cog.
The MME is a tracking test, used to assess the
cognitive function, in Brazil it was adapted by Bertolucci et al.16. The test assesses eight cognitive parameters, broken down into seven categories: temporal and
spatial orientation, short-term memory and evoking
of words, calculus, praxis, language and visual-spatial
skills. The test score varies between 0 and 30 points.
The lower the score, the greater the likelihood of the
subject having cognitive abnormalities. In this study we
used the score classification according to Brucki et al.17.
The cognitive session of the Alzheimer’s Disease
Assessment Scale (ADAS-Cog) is made up of 11 items,
which assesses memory (recognition and evocation),
language (discourse and understanding) and praxis
(copy and ideomotor). The score varies from 70 (lowest) to zero. The greater the score, the greater is
the cognitive involvement in the assessed individual.
The score was classified according to the individual’s
education and according to the classification criteria
of the mean plus two standard deviations - according
to Schultz et al.18.
We should stress that this scale was used solely
to classify the cognitive performance of the individuals
in the normal or abnormal categories, according to
their years of schooling. None of the participants was
diagnosed with Alzheimer’s Disease. The use of these
scales took around 50 minutes.
Assessing depression-related aspects
To assess depression symptoms we employed
the abridged version of the Geriatric Depression Scale (GDS-15), made up by 15 questions with closed
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were represented with the maximum latency for the
recording, corresponding to 500 ms.

On Table 3 we notice that as age increases, there
is a tendency towards increasing the P300 latency (ms).

Statistical method
Initially, we investigated the agreement between
the latencies on both ears, considering the intraclass
correlation coefficient (ICC)21. We used the Spearman
Correlation Coefficient® as a correlation measure for the
Latency with Age and Education22. The Mann-Whitney
test was employed to compare the latency mean value
with the degree of hearing loss, as well as to compare
the P300 distributions in the ADAS-cog, MME and GDS
response category. In each hypothesis test, the level of
significance was set in 0.05.

Table 3. Latency-descriptive statistics for latency (ms) per age
range.

In the sample studied, there was a high occurrence of abnormalities in the cognitive tests; nonetheless,
depression symptoms were not very much present in
this group, according to what is depicted on Table 1.
Table 1. Distribution of the ADAS-Cog, MME and GDS frequencies and percentages.
Normal

n

%

n

%

n

%

ADAS

30

50.0%

30

50.0%

60

100.0%

MME

37

61.7%

23

38.3%

60

100.0%

EDG

9

15.0%

51

85.0%

60

100.0%

r = -0.024 (p = 0.854)

45.0

289.2

337.0

500.0

Lowest Median Highest

70-79

29 368.9

58.1

272.7

358.2

500.0

80 ou +

7 377.6

42.2

305.7

387.7

422.7

Total

60 359.2

52.7

272.7

348.0

500.0

Threshold

n

Mean

Standard
Lowest Median Highest
deviation

Up to 50 dB 30 360.6

LE

57.6

279.2

350.2

500

> 50 dB

30 358.7

48.4

291.2

348.2

500

Total

60 359.6

52.8

279.2

348.2

500

Up to 50 dB 30 358.1

57.7

266.2

341.7

500

> 50 dB

30 359.4

49.9

287.2

352.7

500

Total

60 358.8

53.4

266.2

346.7

500

Mann-Whitney test. P300 latency mean x Degree of HL. p: 0.862. LE:
left ear; RE: right ear.

On Table 5 we can see the descriptive statistic
values for the P300 latency in each category of results
(normal and abnormal) from the ADAS-cog, MME and
GDS. We did not find significant differences between
the P300 distributions in the two ADAS-cog categories. The same happens in the two MME categories
and the two GDS categories. Therefore, there are no
associations between the P300 with the ADAS-cog,
MME and GDS.

Correlation coefficients
Schooling

24 342.1

RE

Table 2. P300 (ms) latency Spearman correlation coefficients
with age and schooling.
r = 0.279 (p = 0.031*)

60-69

Ear

The mean latency value in the right ear was 359.6
ms (SD = 52.8) and the left ear was 358.8 ms (SD 53.3).
There was a strong agreement between the latencies
from both ears, which Intraclass Correlation Coefficient
value (ICCo) was equal to 0.97 and the 95% confidence
interval for the ICC of [0.95 to 0.98]. Continuing with the
P300 latency analysis, we considered the mean values
from the observations in the two ears.
We noticed that the education variable did not
influence the P300 latency; nonetheless, there was
a positive correlation between the P300 latency and
age - Table 2.

Age

Standard
deviation

Table 4. P300 latency (ms) descriptive statistics according to
the hearing loss degree variable, per ear.

Total

Test

n Mean

The P300 latency was also analyzed according
to the hearing loss degree mean value in the frequencies of 500 and 4000 Hz. We initially had a group of
individuals with a mean value of 41 to 50 dBHL in the
500 to 4000 Hz frequency range (mean of 45.2 dB)
and a second group formed by individuals with means of 51 to 70 dBHL in the 500 to 4000 Hz frequency
range (mean of 55.9 dB). We noticed that there was
no influence of the degree of hearing loss in the P300
latency - Table 4.

RESULTS

Abnormal

Age range

DISCUSSION
Among the diseases and dysfunctions which
affect the elderly population, the drop in hearing is

r: correlation coefficient of Spearman; * significant positive correlation.

Brazilian Journal of Otorhinolaryngology 78 (5) September/October 2012
http://www.bjorl.org / e-mail: revista@aborlccf.org.br

86

78(5) - inglês.indb 86

17/10/2012 15:04:09

Table 5. P300 latency descriptive statistics in each category of
the ADAS-cog, MME and GDS.
Test

Categories n Mean
Abnormal 30 361.2

ADAS-Cog

MME

GDS

Nonetheless, most studies with the P300 have paired
samples in relation to education, making it impossible
to check its influence on P300 latency.
The P300 latency values found in this study
showed a positive correlation with age, in other words, age increase caused an increase in P300 latency.
Analyzing studies in the specialized literature, we found
a consensus that age impacts P300 latency1,27,29-35. Aging,
added to hearing loss can bring about changes to the
central auditory system, which causes a reduction in
the signal processing speed33.
In our study we did not see any influence of the
degree of hearing loss in the P300 latency. Therefore,
peripheral hearing loss does not preclude the use of
this procedure. Musiek & Geurkink36, Hall37 and Reis &
Iorio9 reported that the P300 is not affected by hearing
loss, as long as the individual can perceive the stimulus.
Although the P300 latency showed larger mean
values in individuals with cognitive abnormalities when
compared to elderly without cognitive abnormalities,
such difference was not significant. Many studies in
the literature showed a significant correlation between
the P300 and performance in cognitive tests27,29,34,38.
We must stress that the elderly who participated in
the current study were not diagnosed with dementia.
Thus, these studies produced results which cannot be
directly challenged by those found in the present study.
We know that in cases of mild cognitive decline - which frequently precedes Alzheimer’s disease,
usually there is an increase in P300 latency, when compared to controls of the same age; however, absolute
values are usually within the criteria of two standard
deviations above the mean. Notwithstanding, when
dementia is confirmed, the P300 latency values are off
the normality range.
The increase in latency can be seen in subjects
with depression, since depression symptoms may
worsen the cognitive performance of the elderly7,39.
Notwithstanding, in this sample there was no significant
relationship between the GDS results and the P300
latency, in other words, psychological factors did not
influence this potential’s result.
In short, we noticed that the electrophysiological
assessment yielded mean latency values which were
expected for the age range of the elderly. Age increase brought about an increase in P300 latency. Going
against the initial hypothesis of the present study,

Standard
Lowest Median Highest
deviation
54.5

272.7

350.2

500.0

Normal

30 357.2

51.8

293.2

340.5

500.0

Total

60 359.2

52.7

272.7

348.0

500.0

Abnormal 37 368.1

59.9

272.7

355.2

500.0

Normal

23 344.8

35.0

293.2

340.2

414.7

Total

60 359.2

52.7

272.7

348.0

500.0

Abnormal 9 359.3

38.8

293.7

373.2

397.7

Normal

51 359.2

55.1

272.7

345.7

500.0

Total

60 359.2

52.7

272.7

348.0

500.0

Mann-Whitney test. P300 mean latency x ADAS-Cog p: 0.584. P300
mean latency X MME p: 0.199. P300 mean latency X GDS p: 0.541.

one of the most frequent. In this age range, besides the
hearing loss, it is common to have a drop in cognition.
Many of the hearing loss symptoms are similar to dementia symptoms, and both result in communication
difficulties. Thus, often times in the beginning, cognitive
disorders may be unnoticed among the elderly with
presbycusis.
In the two cognitive tests employed, the score
was low comparing with the mean education of 5.4 years in our sample. Results show a high rate of cognitive
changes in this group, which supports the hypothesis
that the hearing loss may contribute to cognitive dysfunction in the elderly2,23.
Depression is a common symptom in the elderly
with hearing loss because of the daily life limitations
that such loss brings about6,24,25. In the present study,
15% of the sample had GDS abnormalities, which confirms the importance of assessing depression aspects,
even in the elderly without complaints26.
The P300 latency results show that both the
right-side afferent pathways as well as the left side
ones are in agreement with the values stipulated by the
specialized literature, which varied between 300 and
450 ms in elderly with hearing loss1,13,27-30. Moreover,
we noticed that there was a strong agreement between
the latencies of the two ears.
The education variable did not correlate with
mean P300 latency values. The study from Schiff et
al.30 stated that education did not influence P300 latency - in agreement with data from the present study.
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the other factors investigated: cognitive performance,
depression symptoms, degree of hearing loss and
educational level, did not influence the mean P300
latency values. Thus, despite the diversity of diseases
and dysfunctions presented by the elderly, which could
influence the P300 cognitive potential, such potential
proved to be stable, and it can be safely used in clinical
and scientific settings in the elderly with hearing loss.

12. Anias CR, Lima MAMT, Kós AOA. Avaliação da influência da
idade no potencial evocado auditivo de tronco encefálico. Rev
Bras Otorrinolaringol. 2004;70(1):84-9.
13. Hall JW. Anatomy and Physiology Principles of Auditory Evoked
Responses. In: Hall III JW (org.). New Handbook of Auditory
Evoked Responses. Boston: Pearson Education; 2007. p.35-56.
14. Tremblay KL, Burkard R. Aging and auditory evoked potentials.
In: Burkard R, Don M, Eggermont J, editors. Auditory Evoked
Potentials: Scientific Bases to Clinical Application. Baltimore:
Lippincott Williams and Wilkins; 2007.
15. Lloyd LL, Kaplan H. Audiometric interpretation: a manual of
basic audiometry. Baltimore: University Park Press; 1978.
16. Bertolucci PHF, Brucki SMD, Campacci SR, Juliano Y. O mini-exame do estado mental em uma população geral. Arq Neuropsiquiatr. 1994;52(1):1-17.
17. Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto
IH. Sugestões para o uso do mini-exame do estado mental no
Brasil. Arq Neuropsiquiatr. 2003;61(3):777-81.
18. Schultz RR, Siviero MO, Bertolucci PH. The Cognitive subscale of
the “Alzheimer Disease Assessment Scale” in a Brazilian sample.
Braz. J Med Biol Res. 2001;34(10):1295-302.
19. Almeida OP, Almeida SA. Confiabilidade da versão brasileira da
escala de depressão em geriatria (GDS) versão reduzida. Arq
Neuropsiquiatr. 1999;57(2B):421-6.
20. Jasper HH. The ten-twenty electrode system of the international federation. Electroencephalogr Clin Neurophysiol.1958;10(2):371-5.
21. Fleiss JL. Reliability of measurement in the design and analysis
of clinical experiments. New York: Wiley; 1986.
22. Fisher LD, Van Belle GB. Biostatistic. New York: John Wiley &
Sons; 1993.
23. Allen NH, Burns A, Newton V, Hickson F, Ramsden R, Rogers J,
et al. The effects of improving hearing in dementia. Age Ageing.
2003;32(2):189-93.
24. Tesch- Römer C. Psychological effects of hearing aid use in older
adults. J Gerontol. 1997;52(3):p127-38.
25. Meister H, Lausberg I, Kiessling J, von Wedel H, Walger M.
Identifying the needs of elderly, hearing-impaired persons:
the importance and utility of hearing aid attributes. Eur Arch
Otorhinolaryngol. 2002;259(10):531-4.
26. Vitiello APP, Ciríaco JGM, Takahashi DY, Nitrini R, Caramelli P.
Avaliação cognitiva breve de pacientes atendidos em ambulatórios de neurologia geral. Arq Neuropsiquiatr. 2007;65(2A):299303.
27. Polich J, Howard L, Starr A. Effects of age on the P300 component
of the event-related potential from auditory stimuli: peak definition, variation, and measurement. J Gerontol. 1985;40(6):721-6.
28. McPherson DL. Late potentials of the auditory system. San Diego:
Singular Publishing Group; 1996. 147p.
29. Walhovd KB, Fjell AM. The relationship between P3 and neuropsychological function in an adult life span sample. Biol Psychol.
2003;62(1):65-87.
30. Schiff S, Valenti P, Andrea P, Lot M, Bisiacchi P, Gatta A, et al.
The effect of aging on auditory components of event-related
brain potentials. Clin Neurophysiol. 2008;119(8):1795-802.
31. McDowell K, Kerick SE, Santa Maria DL, Hatfield BD. Aging,
physical activity, and cognitive processing: an examination of
P300. Neurobiol Aging. 2003;24(4):597-606.

CONCLUSION
The advance of age caused an increase in P300
latency. Cognitive performance and depression symptoms, assessed by the MME, ADAS-Cog and GDS did
not influence the P300 results in this population.
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