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ABSTRACT

Purpose: Evaluate and compare the performance of cognitive functions between elderly with and without auditory 
processing disorders. Methods: Twenty-eight healthy elderly (14 Control group and 14 Auditory Processing 
Disorder group - APD group) participated in the study. All elderly were submitted to (central) auditory processing 
evaluation, P300 event-related potential and brief cognitive battery (BCB). In the comparison between subjects, 
the Mann-Whitney test was applied and in the intra-subjects comparison, the Wilcoxon signed rank test was 
used. To verify if there was an association between the performance of the PAC and the cognitive variables, 
Spearman’s correlation was used. Results: There were no statistically significant differences between the Control 
and APD groups for the cognitive abilities assessed by BCB, as well as for the P300 cognitive potential variables. 
Conclusion: Elderly with auditory processing disorders do not seem to show greater cognitive difficulties 
compared to elderly of the same age group without auditory processing disorders, exception of the clock drawing 
test, whose task involves multiple cognitive functions, including visuospatial processing, executive function, 
semantic memory, and planning.

RESUMO

Objetivo: Avaliar e comparar as funções cognitivas entre idosos com e sem alteração do processamento auditivo 
central. Método: Vinte e oito idosos saudáveis (14 do grupo controle e 14 do grupo Transtorno do Processamento 
Auditivo Central - TPAC) participaram do estudo. Todos os idosos foram submetidos à bateria mínima de avaliação 
do processamento auditivo central (PAC), ao potencial auditivo cognitivo P300 e a bateria cognitiva breve (BCB). 
Na comparação entre sujeitos, foi aplicado o teste de Mann-Whitney e na comparação intra-sujeitos, utilizamos 
o teste de postos sinalizados de Wilcoxon. Para verificar se houve associação entre o desempenho do PAC e das 
variáveis cognitivas, foi utilizada a correlação de Spearman. Resultados: Não houve diferenças estatisticamente 
significantes entre os grupos ‘Controle’ e TPAC para a maioria das habilidades cognitivas avaliadas por meio 
da BCB, bem como para as variáveis do potencial cognitivo P300. Contudo, houve diferença estatisticamente 
significante entre o desempenho do grupo ‘Controle’ e TPAC para a prova do desenho do relógio. Além disso, 
foi possível observar correlação entre o desempenho do teste do relógio e no TPF. Conclusão: Idosos com TPAC 
não apresentaram alteração na maior parte dos testes cognitivos, com exceção da prova do desenho do relógio, 
cuja tarefa envolve múltiplas funções cognitivas, incluindo processamento visuoespacial, função executiva, 
memória semântica e planejamento.
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INTRODUCTION

The effect of age on peripheral auditory function is well-known. 
Hearing losses related to the aging process are common among 
individuals older than 60 years old(1).

However, there is some evidence that peripheral hearing 
losses in older adults are not entirely responsible for their 
comprehension difficulties. Anderson et al.(2) demonstrated 
that even with similar hearing thresholds, younger and older 
adults present differences in the ability to understand speech 
in noise.

The aging process, along with hearing losses and structural 
and functional changes in the central nervous system, affects 
our listening, hearing, and auditory information processing. 
Thereby, several researchers have reported the influence of 
the aging process on different central auditory processing 
(CAP) skills(3-7).

As many of these studies control the hearing sensitivity 
in different groups of individuals, such findings imply that 
the loss in peripheral sensitivity cannot explain all speech 
comprehension difficulties in older adults. Even older adults 
whose values of audiometric thresholds are within the normal 
standards can show alterations in the CAP linked to aging, which 
can be indicated through behavioral and/or electrophysiological 
measures(5).

Some connections between CAP in older adults and 
subsequent dementia have been established. Even though 
many studies have concentrated on the relationship between 
peripheral hearing and subsequent dementia(6), recent research 
has suggested that the CAP might indicate a stronger risk(7).

Nevertheless, there is no consensus on the relationship 
between Central Auditory Processing Disorder (CAPD) and 
aging. There is a hypothesis more associated with a cognitive 
argument referring that changes in the perceptual processing 
of auditory information might be influenced by the decline 
in cognitive processes, that is, influenced by the top-down 
modulation. Changes in many forms of memory and attention 
have been observed. One of the universal findings is the lower 
speed of information processing (sensory and mental) with 
aging. Such a speech reduction in information processing, along 
with lower cognitive skills, affects listening comprehension(8), 
especially in adverse or challenging environments, being linked 
to the work memory ability(9).

Nonetheless, the relative contribution of cognitive factors 
to speech comprehension difficulty in older adults has been 
controversial. Arguments against a report of a more cognitive 
nature are based on the following findings:

1.	 The decline in cognitive functions linked to aging is 
highly correlated to concomitant alterations in peripheral 
sensitivity(3).

2.	 Most attempts to associate changes in cognitive functions 
linked to aging, using basic measures of speech perception, 
have shown limited success(10).

Briefly, the abovementioned studies support and confirm 
that older adults have speech comprehension difficulties 
compared with younger adults. Despite the effects of loss of 
high-frequency sensitivity for speech-in-silence perception 
to be understood, the lower speech comprehension among 
older adults in more complex and noisy listening situations 
seems to involve additional factors that cannot be predicted 
by the audiogram(2). On the one hand, these findings are 
consistent with more cognitive models that describe a general 
reduction in mental processing speed. Older adults might 
evoke compensation strategies, such as the use of context or 
linguistic experience, to soften the effects of cognitive decline 
by communicating in more demanding environments(8,9). There 
is also a possibility that during complex listening situations, the 
greater listening effort – resulting in age-related CAP declines 
aging – compromises the use of cognitive resources. According 
to Pichora-Fuller(11:S59), “It is possible that at least some of the 
apparent differences linked to age in the cognitive performance 
during spoken language comprehension is secondary to the 
deficits in the temporal auditory processing”.

Considering such a controversy, the guiding question is: 
Would older adults with CAP alterations also present impaired 
cognitive functions?

To answer this question, in addition to assessing the cognitive 
functions of memory, attention, verbal fluency, and executive 
functions behaviorally, the use of electrophysiology, such as 
event-related auditory evoked potential assessment (ERP), can 
provide relevant information on the neurophysiological grounds 
of brain functioning(12).

P300 is among the most investigated ERPs and can be 
seen as waves of positive polarity, with a maximum peak of 
approximately 300 ms, after the start of a relevant stimulus 
within the requested task.  It can be raised by an oddball 
paradigm, which involves detecting and distinguishing a 
rare stimulus in a series of frequent stimuli. P300 originates 
from primary and secondary areas of the cortex, including the 
frontal and parietal regions. However, the exact trigger site 
is still unknown(12).

Several studies have used the P300 as a non-invasive 
method that is sensitive to the monitoring of cognitive functions 
(including attention and memory), which might indicate 
a cognitive decline, as well as various neurodegenerative 
alterations(13). The latency of the electrophysiological wave 
of the P300 can be considered a direct indicator of neural 
analysis of the stimulus and speed of processing by the 
individual, thus being considered a measure that represents 
the magnitude of the cognitive processing(13). Changes in 
the latency and amplitude of the P300 might be a marker of 
cognitive declines associated with mild cognitive impairment 
(MCI) and Alzheimer’s disease(13).

Considering the need to understand the issues associated with 
speech comprehension difficulty and aging, this study aimed 
to assess and compare the cognitive functions of older adults 
with and without CAP alteration. In addition, we investigated 
whether there is an association between performance in auditory 
processing tests and cognitive variables.
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METHODS

This is a cross-sectional, prospective, and observational 
study approved by the Ethics Committee, protocol number 
0641/09. All participants were instructed regarding the 
research and signed the Informed Consent Form before the 
assessments.

Case study

Twenty-eight healthy older adults participated in the study 
(60 – 79 years old). The volunteers belonged to a group of 
multidisciplinary outpatient geriatric care for older individuals 
and were invited according to their age, auditory history, and 
general health by professionals who work directly in the service, 
as well as by the researchers.

All participants presented hearing thresholds ≤ 25 dB at 
frequencies between 250 and 4000 Hz and ≤ 45 dB at frequencies 
between 6000 and 8000 Hz, no complaint of tinnitus, and 
performance within the normal range in both hearing aid and 
immittance.

None of the older adults presented alterations in the middle 
ear, asymmetrical sensorineural hearing loss, temporary or 
sudden hearing loss, history of vestibulocochlear disorders, 
or any neurological or psychiatric disorder. All of them had 
at least five years of formal education and none of them used 
medications that acted on the central nervous system.

Based on this initial sample, we scheduled and conducted 
the CAP assessments. According to the results, two groups 
were created: 1) the CAPD Group and 2) the Control Group.

The CAPD Group was composed of 14 older adults 
(mean ± standard deviation = 70.5 ± 4.69 years old) with 
complaints related to CAP difficulties, especially those 
linked to speech comprehension in noisy environments and 
competitive speech situations. Additionally, they presented an 
altered performance in the CAP assessment, which implies a 
performance below expected in at least two tests of the CAP 
assessment applied(14). The CAP assessment was constituted of 
three tests – a monotonic test, a dichotic test, and a temporal 
processing test –, according to the recommendations of the 
American Speech-Language-Hearing Association (ASHA)
(14), as follows: a) Speech-in-white-noise test (SIN), at the 
signal-to-noise ratio + 20; b) Dichotic Digit Test (DD), at 
binaural integration(15), and c) Pitch Pattern Sequence (PPS)
(16), which was applied binaurally. We analyzed the percentages 
of hits achieved by each individual in each test, both for the 
CAPD Group and the Control Group.

As normality values for the speech-in-noise test, we 
considered the signal-to-noise ratio +20dB and hits equal 
to or higher than 68% in the first tested ear, and equal to or 
higher than 72% in the second tested ear(15). For the PPS, 
we adopted as normality a performance with hits equal to or 
higher than 75%(16). In turn, for the DD test, the normality 
criterion corresponded to hits equal to or higher than 90% 
in both ears(15). The normality values used herein follow the 
Assessment Manual of 1997, which has some differences from 
the normality values published in the Assessment Manual 

of 2011. Since the data collection was finished before the 
publication of the Assessment Manual of 2011, we decided 
to maintain the normality indicated by the Assessment 
Manual of 1997.

In turn, the Control Group was composed of 14 older 
adults without complaints or CAP assessment alterations 
(mean ± standard deviation = 67.93 ± 4.98 years old).

Procedures

After the sample selection, all participants were subjected 
to a cognitive assessment using the Brief Cognitive Battery 
and an event-related electrophysiological test, the P300, 
which involves both physiological mechanisms related to 
CAP and cognitive functions. Both the tests were applied by 
speech therapists with a doctorate in the areas of neurology, 
audiology, and aging.

The Brief Cognitive Battery (BCB)(17) is an instrument that 
assesses cognitive functions, including immediate memory, 
late memory, verbal fluency, and executive function. It has 
proven efficient at differentiating normal individuals with 
cognitive damage, including groups with distinct educational 
levels, which is the case with our population, including 
older adults.

The BCB requests that the individual identify and name 
ten objects in the following steps: 1) Incidental memory – 
recalling the objects immediately after the drawings are 
removed; 2) Immediate memory – recalling the objects a 
second time, after the subject had observed the objects for 
a further 30 seconds; 3) Learning – recalling the objects for 
a third time, after the subject had observed the objects for a 
further 30 seconds; 4) Late memory – after an interference 
period in which the categorical animal fluency tests 
(number of animals in one minute) and the Clock Drawing 
are applied, the individual is asked to recall the objects, 
and 5) Recognition – the individual is asked to recognize 
the objects originally presented, which are mixed among 
10 other distracting drawings.

Each step is assigned a score that reflects the scoring of 
each participant. Such a score was used to analyze the BCB 
performance data.

The electrophysiological assessment was performed through 
the P300 event-related auditory potential.

The P300 was conducted using Navigator Pro equipment 
(by Biologic). The following parameters were used to obtain 
the P300: monaural acoustic stimuli of 500 Hz as frequent 
stimulus and 750 Hz as the rare stimulus (tone burst in a 
Blackman window, with a plateau of 30 cycles and rise/fall 
of 10 cycles); the intensity of both stimuli of 70 dB HL; 
analysis time of 800 ms; filter from 0.5 to 30 Hz; sensitivity 
of 100 µV. All stimuli were presented through an ER-3A 
insert earphone. We used 300 artifact-free stimuli, 80% of 
which were frequent and 20% rare. The rare and frequent 
stimuli were presented randomly (oddball paradigm) at a 
rate of 1.1 stimuli per second(18).
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The electrodes were placed on the vertex (Cz) and each 
side of the ear (A1 for the left ear and A2 for the right ear), 
with the “ground” electrode on the ear contralateral to the 
one being assessed(19). The right and left ears were assessed 
separately.

The P300 was obtained by subtracting the trace corresponding 
to rare stimuli from the trace corresponding to frequent 
stimuli, which was identified as the wave with positive 
polarity with an approximate latency of 300 milliseconds 
(ms) post-stimulus. To analyze the P300 data, once it was 
present, we considered the wave latency (milliseconds) and 
amplitude (maximum wave point – minimum wave point/peak 
valley) of the wave(18), for both the right ear and the left ear.

Statistical analysis

The statistical method used was aimed at comparing the 
Control and CAPD groups for the performance of cognitive 
functions and verifying whether there was an association between 
the performances in the association tests and in the CAP tests 
and cognitive variables. For such a purpose, we conducted 
descriptive analyses of median, standard deviation, minimum, 
and maximum. Since the sample deviated from the normal 
distribution, we applied non-parametric tests. The Mann-Whitney 
test was used to compare the medians of the tests between the 
two studied groups. We also carried out an analysis between 
the ears (intra-subject) using the Wilcoxon signed rank test. 
The Spearman correlation was applied to verify whether there 
was an association between CAP performance and cognition. 

To interpret the magnitude of correlations, we adopted the 
following classification of correlation coefficients: correlation 
coefficients < 0.4 (correlation of weak magnitude), > 0.4 to < 
0.5 (moderate magnitude), and > 0.5 (strong magnitude)(20).

All statistical analyses were performed on the SPSS software 
(version 20.0) at a significance level of 5%.

RESULTS

We analyzed the age, education (years of formal education), 
and sex variables both for the Control Group and the CAPD 
Group. As the data distribution for the ‘age’ and ‘education’ 
variables (Table 1) showed to be regular, we used the ANOVA 
parametric test to compare the values between the groups.

The Control and CAPD groups showed no statistically 
significant difference either for the age variable [F (1.26)=1.98, 
p=0.17)] or the ‘education’ variable ( formal education years), 
[F(1.26)=0.45, p=0.51)].

The chi-square test was used to verify whether there was a 
difference in the sample proportion regarding the sex variable. 
The Control Group was composed of nine male individuals and 
eight female individuals [X2 (1, N = 14) = 1.14 p = 0.29]. In turn, 
the CAPD Group was composed of three male individuals and 
11 female individuals [X2 (1. N = 14) = 4.57 p = 0.03].

As expected, the CAP behavioral tests showed that the Control 
Group achieved a better performance than the CAPD Group. The 
Mann-Whitney test indicated a statistically significant difference 
for the DD test both in the right ear (p=0.003*) and the left ear 
(p=0.008*), in addition to the PPS (p<0.001*) (Table 2).

Table 1. Descriptive statistics of the values (in years) of the age and education variables for the Control and APD groups
Group N Median SD Min Max

Age Control 14 67.50 4.98 60.00 75.00
APD 14 70.00 4.69 62.00 79.00

Education Control 14 11 3.52 4 15
APD 14 8 3.81 2 15

Caption: N = Number of individuals, SD= Standard deviation, Min=Minimum, Max=Maximum, APD=Auditory Processing Disorder

Table 2. Descriptive statistics of the values (in percentage) obtained through the behavioral tests in the auditory processing assessment and 
p-value (Mann-Whitney test) for the comparison between the Control and APD groups

Group N Median DP Min Max p-value

SIN - RE Control 14 76 7.32 68.00 92.00 0.38
APD 14 74 11.17 48.00 92.00

SIN - LE Control 14 80 7.43 72.00 96.00 0.21
APD 14 76 7.94 64.00 92.00

DD - RE Control 14 100 1.63 95.00 100.00 0.003*
APD 14 95 20.15 35.00 100.00

DD - LE Control 14 93.75 7.31 78.00 100.00 0.008*
APD 14 85 22.00 37.50 97.50

PPS Control 14 80 7.70 75.00 100.00 <0.001*
APD 14 25 21.70 15.00 100.00

*Statistically significant difference
Caption: N = Number of individuals, DP= Standard deviation, Min=Minimum, Max=Maximum, APD=Auditory Processing Disorder, SIN=Speech-in-noise test, DD= 
Dichotic Digit Test, PPS= Pitch Pattern Sequence Test, RE = Right Ear, LE = Left Ear
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When comparing the ears (intra-group analysis), the Wilcoxon 
signed rank test showed a statistically significant difference in 
the SIN test only for the Control Group (p=0.04*), which is 
a higher median of responses in the left ear than the median 
of responses in the right ear. In turn, the comparison between 
ears through the DD test showed a statistically significant 
difference both for the Control Group (p=0.008*) and the 
CAPD Group (p=0.01*).

As to the performance in the Brief Cognitive Battery, all 
individuals presented regular values, thus disregarding dementia. 
In addition, Table 3 shows that the performance of the group 
without processing alterations had slightly higher medians 
than the control group; however, no statistically significant 

difference was found. In turn, the Clock Drawing Test indicated 
a statistically significant difference between the groups, with 
the Control Group presenting a better performance compared 
with the CAPD Group (Table 3).

The electrophysiological assessment (P300) found no 
statistically significant difference between the groups for none 
of the analyzed variables (Table 4).

When investigating the association between the CAP tests 
and cognitive variables (Table 5), the Spearman correlation 
analysis showed a moderate correlation only between the 
Clock Drawing Test and the CAPD (r=0.43; p=0.024*). 
No significant correlations were found for the remaining 
relationships.

Table 3. Descriptive statistics of the values (number of scores) obtained through the Brief Cognitive Battery and p-value (Mann-Whitney test) for 
the comparison between the Control and APD groups

Group N Median DP Min Max p-value

Incidental Memory Control 14 5.5 1.34 4.00 9.00 0.454

APD 14 5 1.05 5.00 8.00

Immediate Memory Control 14 8 1.12 6.00 10.00 0.104

APD 14 9 1.28 6.00 10.00

Learning Control 14 8.5 0.99 7.00 10.00 0.125

APD 14 9 0.61 8.00 10.00

Verbal Fluency Control 14 19 6.00 8.00 26.00 0.178

APD 14 15 2.05 13.00 21.00

Clock Drawing Control 14 9.5 0.84 7.00 10.00 0.006*

APD 14 9 1.20 5.00 9.00

Late Memory Control 14 9 1.45 6.00 10.00 0.482

APD 14 9 0.73 8.00 10.00

Recognition Control 14 10 0.00 10.00 10.00 0.541

APD 14 10 0.36 9.00 10.00

*Statistically significant difference
Caption: N = Number of individuals, DP= Standard deviation, Min=Minimum, Max=Maximum, APD=Auditory Processing Disorder

Table 4. Descriptive statistics of the values de latency (ms) and amplitude (μV) were obtained through the cognitive potential P300 and p-value 
(Mann-Whitney test) for the comparison between the Control and APD groups

Group N Median SD Min Max p-value

P300 Latency RE Control 14 405.20 45.66 327.12 462.45 0.72

APD 14 396.87 36.98 330.24 457.25

P300 Latency LE Control 14 364.59 39.28 321.91 448.92 0.89

APD 14 378.13 39.55 299.01 430.18

P300 Amplitude RE Control 14 6.04 2.93 4.28 14.12 0.29

APD 14 6.35 2.05 3.02 8.99

P300 Amplitude LE Control 14 6.67 3.95 3.34 17.80 0.27

APD 14 5.43 2.89 2.35 12.26

Caption: N = Number of individuals, SD= Standard deviation, Min=Minimum, Max=Maximum, APD=Auditory Processing Disorder, RE = Right ear, LE = Left ear
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DISCUSSION

This study assessed and compared the cognitive functions 
of older adults with and without CAP alteration. Our results 
demonstrate that the group of older adults with CAPD (with 
performance below expected in CAP tests) presented no 
differences in most of the cognitive and executive functions 
assessed compared with healthy older adults (Control Group).

The comparison between the CAPD Group and the Control 
Group regarding the CAP behavioral tests showed a statistically 
significant difference between the DD and PPS Test Such a 
difference was not found in the speech-in-noise test.

Both the DD Test and the PPS Test involve an interhemispheric 
transfer through the corpus callosum. This structure is highly 
myelinated and has fibers for all sensory modalities, in addition 
to its role in modulating attention(21) and verbal memory(22). 
Aging can cause demyelination of the fibers, leading to a loss 
of integrity of the neural structures and influencing the speed 
of neural connections(23). Thereby, considering our results, 
we might infer that some older adults can have alterations 
in the functioning of the corpus callosum, thus affecting the 
performance in tasks of binaural separation/integration and 
temporal and interhemispheric ordering, which are contained 
in the DD and PPS test.

When comparing the ears (intra-groups), we found a 
statistically significant advantage of the left ear (second tested 
ear) in the speech-in-noise test only for the Control Group. Such 
a result can be explained by the learning effect in older adults(24). 
Furthermore, in general, low redundancy monaural tests indicate 
the learning effect for the second tested ear, and even though 

the pediatric/adult population does not show such an effect for 
the speech-in-noise test, it occurs in older adults(16,24). In turn, 
the DD showed a statistically significant difference between 
the RE and the LE, both for the Control Group and the CAPD 
Group, with better performance for the RE.

Advantages of the RE over the LE are expected in dichotic 
tests that use verbal sounds, according to the model proposed 
by Kimura(25). Based on this model, the RE has an advantage for 
verbal auditory stimuli because they are directly processed in 
the left hemisphere (the main hemisphere responsible for speech 
processing), through the contralateral pathways. When verbal 
stimuli are picked up in the left ear, they are first directed to 
the right hemisphere and then processed in the left hemisphere 
via the corpus callosum.

Another explanation for the asymmetry found in older adults 
(Control and CAPD) might be linked to a disadvantage of the left 
ear compared with the right ear. Such a disadvantage of the left 
ear due to aging has been reported in the literature(26). Additionally, 
according to the theory that supports the DD test, stimulus 
processing in the left ear is required by the interhemispheric 
communication at the corpus callosum level(16,27). Therefore, 
this potential disadvantage found in the left ear might result 
from a decreased functionality of the corpus callosum during 
aging, which is a fundamental structure for the interhemispheric 
required for the dichotic listening task(27).

The absence of differences in performance in most of the 
cognitive tests of the brief battery between older adults with 
and without CAP alteration might suggest that despite the 
statistically significant differences found in the performance 
in CAP tests, the groups worked cognitively in the same way.

Table 5. Analysis of the Spearman correlation between the CAP variables and cognitive variables

Incidental Memory Immediate Memory Learning Verbal Fluency Clock Drawing Late Memory Recognition

SIN RE r -0.004 -0.19 0.006 -0.03 0.17 0.09 -0.24

p 0.98 0.34 0.977 0.89 0.39 0.66 0.22

N 28 28 28 28 28 28 28

SIN LE r -0.19 -0.24 -0.07 -0.04 0.06 -0.28 -0.15

p 0.33 0.22 0.724 0.82 0.76 0.15 0.45

N 28 28 28 28 28 28 28

DDT RE r 0.31 -0.35 -0.36 0.19 0.36 0.15 0.25

p 0.11 0.06 0.06 0.34 0.06 0.44 0.2

N 28 28 28 28 28 28 28

DDT LE r 0.03 0.05 0.13 0.06 0.33 0.20 0.28

p 0.86 0.80 0.52 0.75 0.09 0.31 0.15

N 28 28 28 28 28 28 28

PPS r -0.1 0 0.15 0.37 0.43 0.01 0.27

p 0.61 0.99 0.44 0.052 0.024* 0.62 0.17

N 28 28 28 28 28 28 28

*Statistically significant difference
Caption: SIN=Speech-in-noise Test, DD= Dichotic Digit Test, PPS= Pitch Pattern Sequence Test, RE = Right Ear, LE = Left Ear; r = Coefficient of Correlation; p = p-value; N = Number 
of Individuals
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This proves to be an important result due to the controversy 
on how much the performance in CAP-related tasks is influenced 
by factors at higher cognitive levels, which might invalidate 
the CAP assessment results in older adults.

Nonetheless, an important result was observed for the Clock 
Drawing Test (CDT). Even though all research participants 
presented values within normality, thus disregarding dementia, 
the CAPD Group showed lower performance in the CDT 
compared with the Control Group, corresponding to a statistically 
significant difference.

The CDT has been widely used as a tool for neurological, 
psychiatric, and psychological assessment. Over the last 
decade, it has become increasingly more frequent as a fast, 
early screening tool for cognitive decline resulting from 
regular aging(28).

Despite seeming a simple task, the CDT requires an accurate 
and successful engagement of multiple cognitive domains. By 
asking someone to draw a clock, we require them to understand 
the instructions, recover information linked to the concept of the 
clock using different types of memory processes, and translate 
such knowledge through visual-perceptual and visual-motor 
processes, in addition to assessing and monitoring the results 
of drawing through executive functions(28). In addition, much 
of the information on the concept of a clock that must be 
remembered is abstract and conceptually complex. For example, 
the meaning of the spatial arrangement of the dial of a clock 
and the meaning of the hands with their different lengths. The 
multifactorial nature of the processes that underlie the act of 
drawing a clock is what makes this test highly sensitive to 
cognitive deficits(29).

Thereby, we might infer that the sensory deficit (CAPD), 
in addition to the lower performance of the CDT by the CAPD 
Group compared with the Control Group, is one of the early 
stages in the aging process, hence preceding the onset of major 
cognitive deficits. Thus, the differences found between the 
groups only for the clock test might be the onset of cognitive 
difficulties.

We also highlight the association between the CDT and PPS 
tests. Originally, the PPS tests were developed to detect auditory 
consequences from brain lesions(30) and have been categorized 
as tests that assess the temporal processing(31). However, due to 
the acoustic features of the stimulus and the task required by the 
test (naming the tones and reproducing the sequence correctly), 
in addition to the influence of the acoustic properties of the 
stimulus, these tests are highly influenced by attention, work 
memory, and individual experiences(32). Thus, the correlation 
between PPS and CDT found herein might be linked to such a 
cognitive demand of the PPS.

Murphy et al.(33) also corroborate our findings by reporting an 
association between the Sustained Attention Test and the PPS.

In general, studies have demonstrated a correlation between 
hearing alterations and MCI, and/or Alzheimer’s disease(34). The 
hypothesis for such a relationship suggests that the demand 
for the cognitive resources required to deal with a challenging 
auditory perception (as a result of hearing loss and/or hearing 
in adverse environmental conditions) might accelerate the 
neurocognitive decline during aging(35).

In a sense, our results corroborate the study by Humes(36), 
who investigated adults from 18 to 86 years old and found that 
middle-aged adults (until 55 years) had already experienced 
some decline, both in the sensory and the cognitive processing. 
The declines in these two domains are, for most of the 
measures taken by them, somewhere between young adults 
and older adults. This suggests that age-related declines in 
both domains are continuous and not abrupt in older adults. 
They also found a strong correlation between global sensory 
declines and cognitive declines. However, further research 
is needed, especially in the long term, to find out whether 
this relationship is causal and what the exact cause of this 
decline might be.

The electrophysiological assessment through the event-
related potential (P300) showed no statistically significant 
differences between the Control and CAPD groups. Such an 
absence of difference between the groups might be linked to a 
similarity in the cognitive performance of the studied groups 
since the P300 is an electrophysiological measure related to 
cognitive processes.

Another explanation for the absence of a difference between 
the groups may be related to the peculiarities of this potential. 
Although the P300 reflects the speed and magnitude of neural 
processing of auditory stimuli, it is strongly influenced by many 
other features, in addition to cognitive and auditory factors, 
such as hormones, medication, and other aspects that are not 
related to the CAP(37).

The sampling size is one of the limitations of this study, 
which might have influenced our results somehow, hence 
hindering a greater generalization for the population. 
Furthermore, other CAP skills that were not investigated 
herein, such as temporal resolution and binaural interaction, 
might also have influenced our results. Thereby, further 
research covering these issues must be conducted. We also 
highlight the need for long-term studies to monitor aging 
processes, both through cognitive tests and tests of CAP skills, 
to better establish the relationships between the bottom-up 
and top-down domains.

Despite the abovementioned limitations, by considering 
the set of evidence found herein and those reported in the 
literature, our results reinforce the theory that CAP alterations 
could precede cognitive alterations caused by the aging process. 
In addition, our study raises the importance of investigating 
hearing skills through CAP assessment in older adults to 
promote early intervention in aging processes, hence improving 
the quality of life for this population.

CONCLUSION

This study aimed to assess and compare the performance of 
cognitive functions between older adults with and without CAP 
alteration. Herein, older adults with APD presented no alteration 
in most of the cognitive tests. Additionally, the performance of 
cognitive functions between older adults with and without CAP 
alterations showed to be similar, both through behavioral and 
electrophysiological assessment, except for the Clock Drawing 
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Test, whose task involves multiple cognitive functions, including 
visual-spatial processing executive function, semantic memory, 
and planning. We could not verify the association between the 
performance in the CAP behavioral tests and the variables of 
cognitive functions, except for the PPS and the clock test.

REFERENCES

1.	 Cruickshanks KJ, Wiley TL, Tweed TS, Klein BE, Klein R, Mares-Perlman 
JA,  et  al. Prevalence of hearing loss in older adults in Beaver Dam, 
Wisconsin. The Epidemiology of Hearing Loss Study. Am J Epidemiol. 
1998;148(9):879-86. http://dx.doi.org/10.1093/oxfordjournals.aje.a009713. 
PMid:9801018.

2.	 Anderson S, Parbery-Clark A, Yi HG, Kraus N. A neural basis of speech-in-
noise perception in older adults. Ear Hear. 2011;32(6):750-7. http://dx.doi.
org/10.1097/AUD.0b013e31822229d3. PMid:21730859.

3.	 Vaidyanath R, Yathiraj A. Comparison of performance of older adults 
on two tests of temporal resolution. Am J Audiol. 2015;24(2):216-25. 
http://dx.doi.org/10.1044/2015_AJA-14-0064. PMid:25652341.

4.	 Anderson S, Parbery-Clark A, Yi H-G, Kraus N. A neural basis of 
speech-in-noise perception in older adults. Ear Hear. 2011;32(6):750-7. 
http://dx.doi.org/10.1097/AUD.0b013e31822229d3. PMid:21730859.

5.	 Tremblay KL, Piskosz M, Souza P. Effects of age and age-related hearing 
loss on the neural representation of speech cues. Clin Neurophysiol. 
2003;114(7):1332-43. http://dx.doi.org/10.1016/S1388-2457(03)00114-7. 
PMid:12842732.

6.	 Gates GA, Anderson ML, Feeney MP, McCurry SM, Larson EB. Central 
auditory dysfunction in older persons with memory impairment or 
Alzheimer dementia. Arch Otolaryngol Head Neck Surg. 2008;134(7):771-7. 
http://dx.doi.org/10.1001/archotol.134.7.771. PMid:18645130.

7.	 Wei J, Hu Y, Zhang L, Hao Q, Yang R, Lu H, et al. Hearing impairment, 
mild cognitive impairment, and dementia: a meta-analysis of cohort 
studies. Dement Geriatr Cogn Disord Extra. 2017;7(3):440-52. 
http://dx.doi.org/10.1159/000485178. PMid:29430246.

8.	 Merten N, Fischer ME, Tweed TS, Breteler MMB, Cruickshanks KJ. 
Associations of hearing sensitivity, higher-order auditory processing, 
and cognition over time in middle-aged adults. J Gerontol A Biol Sci 
Med Sci. 2020;75(3):545-51. http://dx.doi.org/10.1093/gerona/glz189. 
PMid:31418812.

9.	 Schneider BA, Daneman M, Pichora-Fuller MK. Listening in aging adults: 
from discourse comprehension to psychoacoustics. Can J Exp Psychol. 
2002;56(3):139-52. http://dx.doi.org/10.1037/h0087392. PMid:12271745.

10.	 Sommers MS. Speech perception in older adults: the importance of 
speech-specific cognitive abilities. J Am Geriatr Soc. 1997;45(5):633-7. 
http://dx.doi.org/10.1111/j.1532-5415.1997.tb03101.x. PMid:9158590.

11.	 Pichora-Fuller MK. Processing speed and timing in aging adults: 
psychoacoustics, speech perception, and comprehension. Int J Audiol. 
2003;42(Suppl 1):S59-67. http://dx.doi.org/10.3109/14992020309074625. 
PMid:12918611.

12.	 Duncan CC, Barry RJ, Connolly JF, Fischer C, Michie PT, Näätänen 
R,  et  al. Event-related potentials in clinical research: guidelines for 
eliciting, recording, and quantifying mismatch negativity, P300, and N400. 
Clin Neurophysiol. 2009;120(11):1883-908. http://dx.doi.org/10.1016/j.
clinph.2009.07.045. PMid:19796989.

13.	 Jiang S, Qu C, Wang F, Liu Y, Qiao Z, Qiu X, et al. Using event-related 
potential P300 as an electrophysiological marker for differential diagnosis 
and to predict the progression of mild cognitive impairment: a meta-analysis. 
Neurol Sci. 2015;36(7):1105-12. http://dx.doi.org/10.1007/s10072-015-
2099-z. PMid:25663086.

14. ASHA: American Speech-Language-Hearing Association. Working Group 
on Auditory Processing Disorder. (Central) auditory processing disorders. 
Rockville: ASHA; 2005.

15.	 Pereira LD, Schochat E. Processamento Auditivo Central: manual de 
avaliação. São Paulo: Lovise; 1997.

16.	 Musiek FE. Frequency (pitch) and duration patterns tests. J Am Acad 
Audiol. 1994;5(4):265-8. PMid:7949300.

17.	 Nitrini R, Caramelli P, Herrera Júnior E, Porto CS, Charchat-Fichman 
H, Carthery MT, et al. Performance of illiterate and literate nondemented 
elderly subjects in two tests of long-term memory. J Int Neuropsychol 
Soc. 2004;10(4):634-8. http://dx.doi.org/10.1017/S1355617704104062. 
PMid:15327741.

18.	 Garinis AC, Cone-Wesson BK. Effects of stimulus level on cortical 
auditory event-related potentials evoked by speech. J Am Acad Audiol. 
2007;18(2):107-16. http://dx.doi.org/10.3766/jaaa.18.2.3. PMid:17402297.

19.	 Jasper HH. Appendix to report to committee on clinical examination in 
EEG: the ten-twenty electrode system of the international federation. 
Electroencephalogr Clin Neurophysiol. 1958;10:371-5.

20.	 Hulley SB, Cummings SR, Browner WS, Grady D, Hearst N, Newman 
TB. Delineando a pesquisa clínica: uma abordagem epidemiológica. 2. 
ed. Porto Alegre: Artmed; 2003.

21.	 Westerhausen R, Hugdahl K. The corpus callosum in dichotic listening 
studies of hemispheric asymmetry: A review of clinical and experimental 
evidence. Neurosci Biobehav Rev. 2008;32(5):1044-54. http://dx.doi.
org/10.1016/j.neubiorev.2008.04.005. PMid:18499255.

22.	 Erickson RL, Paul LK, Brown WS. Verbal learning and memory in agenesis 
of the corpus callosum. Neuropsychologia. 2014;60:121-30. http://dx.doi.
org/10.1016/j.neuropsychologia.2014.06.003. PMid:24933663.

23.	 Cohen RA, Marsiske MM, Smith GE. Neuropsychology of aging. Handb 
Clin Neurol. 2019;167:149-80. http://dx.doi.org/10.1016/B978-0-12-
804766-8.00010-8. PMid:31753131.

24.	 Schochat E. Percepção de fala: presciacusia e perda auditiva induzida 
pelo ruído [tese]. São Paulo: Faculdade de Filosofia, Letras e Ciências 
Humanas, Universidade de São Paulo; 1994.

25.	 Kimura D. Cerebral dominance and the perception of verbal stimuli. Can 
J Psychol. 1961;15(3):166-71. http://dx.doi.org/10.1037/h0083219.

26.	 Johnson RC, Cole RE, Bowers JK, Foiles SV, Nikaido AM, Patrick 
JW, et al. Hemispheric efficiency in middle and later adulthood. Cortex. 
1979;15(1):109-19. http://dx.doi.org/10.1016/S0010-9452(79)80011-8. 
PMid:446035.

27.	 Utoomprurkporn N, Hardy CJD, Stott J, Costafreda SG, Warren J, 
Bamiou DE. “The Dichotic Digit Test” as an Index Indicator for Hearing 
Problem in Dementia: Systematic Review and Meta-Analysis. J Am Acad 
Audiol. 2020;31(9):646-55. http://dx.doi.org/10.1055/s-0040-1718700. 
PMid:33296935.

28.	 Pinto E, Peters R. Literature review of the Clock drawing test as a tool 
for cognitive screening. Dement Geriatr Cogn Disord. 2009;27(3):201-13. 
http://dx.doi.org/10.1159/000203344. PMID: 19225234.

29.	 Tuokko H, O’Connel ME. A review of quantified approaches to the 
qualitative assessment of clock drawing. In Poreh, M. The Quantified 
process approach to Neuropsychological Assessment. New York: Taylor 
& Francis; 2006. p. 173-206.

30.	 Musiek FE, Pinheiro ML. Frequency patterns in cochlear, brainstem, 
and cerebral lesions. Audiology. 1987;26(2):79-88. http://dx.doi.
org/10.3109/00206098709078409. PMid:3606474.

31.	 McDermott EE, Smart JL, Boiano JA, Bragg LE, Colon TN, Hanson 
EM, et al. Assessing auditory processing abilities in typically developing 
school-aged children. J Am Acad Audiol. 2016;27(2):72-84. http://dx.doi.
org/10.3766/jaaa.14050. PMid:26905528.

32.	 Mukari SZ, Umat C, Othman NI. Effects of age and working memory 
capacity on pitch pattern sequence test and dichotic listening. Audiol 
Neurootol. 2010;15(5):303-10. http://dx.doi.org/10.1159/000283007. 
PMid:20150728.

33.	 Murphy CF, La Torre R, Schochat E. Association between top-down skills 
and auditory processing tests. Rev Bras Otorrinolaringol. 2013;79(6):753-9. 
PMid:24474489.

34.	 Panza F, Vincenzo S, Giancarlo L. Age-related hearing impairment - a risk factor 
and frailty marker for dementia and AD. Nat Rev Neurol. 2015;11(3):166-75. 
http://dx.doi.org/10.1038/nrneurol.2015.12. PMid:25686757.

https://doi.org/10.1093/oxfordjournals.aje.a009713
https://pubmed.ncbi.nlm.nih.gov/9801018
https://pubmed.ncbi.nlm.nih.gov/9801018
https://doi.org/10.1097/AUD.0b013e31822229d3
https://doi.org/10.1097/AUD.0b013e31822229d3
https://pubmed.ncbi.nlm.nih.gov/21730859
https://doi.org/10.1044/2015_AJA-14-0064
https://pubmed.ncbi.nlm.nih.gov/25652341
https://doi.org/10.1097/AUD.0b013e31822229d3
https://pubmed.ncbi.nlm.nih.gov/21730859
https://doi.org/10.1016/S1388-2457(03)00114-7
https://pubmed.ncbi.nlm.nih.gov/12842732
https://pubmed.ncbi.nlm.nih.gov/12842732
https://doi.org/10.1001/archotol.134.7.771
https://pubmed.ncbi.nlm.nih.gov/18645130
https://doi.org/10.1159/000485178
https://pubmed.ncbi.nlm.nih.gov/29430246
https://doi.org/10.1093/gerona/glz189
https://pubmed.ncbi.nlm.nih.gov/31418812
https://pubmed.ncbi.nlm.nih.gov/31418812
https://doi.org/10.1037/h0087392
https://pubmed.ncbi.nlm.nih.gov/12271745
https://doi.org/10.1111/j.1532-5415.1997.tb03101.x
https://pubmed.ncbi.nlm.nih.gov/9158590
https://doi.org/10.3109/14992020309074625
https://pubmed.ncbi.nlm.nih.gov/12918611
https://pubmed.ncbi.nlm.nih.gov/12918611
https://doi.org/10.1016/j.clinph.2009.07.045
https://doi.org/10.1016/j.clinph.2009.07.045
https://pubmed.ncbi.nlm.nih.gov/19796989
https://doi.org/10.1007/s10072-015-2099-z
https://doi.org/10.1007/s10072-015-2099-z
https://pubmed.ncbi.nlm.nih.gov/25663086
https://pubmed.ncbi.nlm.nih.gov/7949300
https://doi.org/10.1017/S1355617704104062
https://pubmed.ncbi.nlm.nih.gov/15327741
https://pubmed.ncbi.nlm.nih.gov/15327741
https://doi.org/10.3766/jaaa.18.2.3
https://pubmed.ncbi.nlm.nih.gov/17402297
https://doi.org/10.1016/j.neubiorev.2008.04.005
https://doi.org/10.1016/j.neubiorev.2008.04.005
https://pubmed.ncbi.nlm.nih.gov/18499255
https://doi.org/10.1016/j.neuropsychologia.2014.06.003
https://doi.org/10.1016/j.neuropsychologia.2014.06.003
https://pubmed.ncbi.nlm.nih.gov/24933663
https://doi.org/10.1016/B978-0-12-804766-8.00010-8
https://doi.org/10.1016/B978-0-12-804766-8.00010-8
https://pubmed.ncbi.nlm.nih.gov/31753131
https://doi.org/10.1037/h0083219
https://doi.org/10.1016/S0010-9452(79)80011-8
https://pubmed.ncbi.nlm.nih.gov/446035
https://pubmed.ncbi.nlm.nih.gov/446035
https://doi.org/10.1055/s-0040-1718700
https://pubmed.ncbi.nlm.nih.gov/33296935
https://pubmed.ncbi.nlm.nih.gov/33296935
https://doi.org/10.3109/00206098709078409
https://doi.org/10.3109/00206098709078409
https://pubmed.ncbi.nlm.nih.gov/3606474
https://doi.org/10.3766/jaaa.14050
https://doi.org/10.3766/jaaa.14050
https://pubmed.ncbi.nlm.nih.gov/26905528
https://doi.org/10.1159/000283007
https://pubmed.ncbi.nlm.nih.gov/20150728
https://pubmed.ncbi.nlm.nih.gov/20150728
https://pubmed.ncbi.nlm.nih.gov/24474489
https://pubmed.ncbi.nlm.nih.gov/24474489
https://doi.org/10.1038/nrneurol.2015.12
https://pubmed.ncbi.nlm.nih.gov/25686757


Rocha-Muniz et al. CoDAS 2023;35(6):e20220185 DOI: 10.1590/2317-1782/20232022185en 9/9

35.	 Wong PC, Jin JX, Gunasekera GM, Abel R, Lee ER, Dhar S. Aging and 
cortical mechanisms of speech perception in noise. Neuropsychologia. 
2009;47(3):693-703. http://dx.doi.org/10.1016/j.neuropsychologia.2008.11.032. 
PMid:19124032.

36.	 Humes LE. Age-related changes in cognitive and sensory processing: 
focus on middle-aged adults. Am J Audiol. 2015;24(2):94-7. http://dx.doi.
org/10.1044/2015_AJA-14-0063. PMid:25768926.

37.	 Polich J. Meta-analysis of P300 normative aging studies. Psychophysiology. 
1996;33(4):334-53. http://dx.doi.org/10.1111/j.1469-8986.1996.tb01058.x. 
PMid:8753933.

Author contributions
All authors participated in the study design, data analysis, and interpretation, manuscript 
editing, and critical review. The final version was read and approved by all authors.

https://doi.org/10.1016/j.neuropsychologia.2008.11.032
https://pubmed.ncbi.nlm.nih.gov/19124032
https://pubmed.ncbi.nlm.nih.gov/19124032
https://doi.org/10.1044/2015_AJA-14-0063
https://doi.org/10.1044/2015_AJA-14-0063
https://pubmed.ncbi.nlm.nih.gov/25768926
https://doi.org/10.1111/j.1469-8986.1996.tb01058.x
https://pubmed.ncbi.nlm.nih.gov/8753933
https://pubmed.ncbi.nlm.nih.gov/8753933

