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Abstract

Introduction: In addition to compromising sound perception, presbycusis can affect cognitive functions such as attention, memory, and language, justifying 
investigations into the relationship among hearing, cognition, and the use of hearing aids. 

Purpose: To examine the infl uence of hearing aid use on performance in the Mini-Mental State Examination, Semantic Verbal Fluency, attention, and working memory. 

Methodology: This prospective observational pre–post study included 60 older adults (≥60 years) with bilateral hearing loss and no prior use of hearing aids. 
Individuals with cognitive impairment, neurological diseases, or severe/profound hearing loss without linguistic code were excluded. Sociodemographic and audiological 
data were collected, and cognitive tests were applied before and after the intervention. Analyses employed descriptive statistics and hypothesis testing. 

Results: The mean age was 70.1 ± 7.9 years, with a predominance of moderate sensorineural hearing loss (≈48%). After hearing aid fi tting, there was a signifi cant 
improvement in MMSE scores (from 20.73 ± 3.80 to 22.62 ± 3.27; p < 0.001), as well as in working memory, language, verbal fl uency, and task execution time. Older adults 
with mild hearing loss showed better cognitive performance compared to those with moderate loss. 

Conclusion: Hearing aid use in older adults was associated with improved performance in global cognition and in domains related to attention, working memory, 
language, and semantic verbal fl uency after six months of follow-up.
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Introduction

Population aging is a global phenomenon and, in Brazil, it 
has occurred at an accelerated pace. According to demographic 
census estimates, the population with disabilities in the 

country is 18.6 million individuals, and by 2050, the number 
of older adults will exceed 30% of the national population 
[1]. This scenario presents important challenges, as aging 
is frequently associated with chronic conditions, including 
hearing loss. In Brazil, hearing healthcare is guaranteed by 
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the Unifi ed Health System, which organizes care in medium- 
and high-complexity services, including diagnosis, auditory 
rehabilitation, and multidisciplinary follow-up [2].

During the initial period of presbycusis, a gradual 
deterioration of the auditory sensory and neural systems 
occurs. This results in reduced neural support, decreased speech 
perception and comprehension, especially in environments 
with competing noise. At this stage, defi cits emerge in several 
cognitive domains, including reduced memory for new 
information. Potential sources of these declines include slower 
processing, diminished working memory capacity, and reduced 
attentional focus [3]. These changes refl ect the challenges 
faced by this population in understanding accelerated speech, 
which is commonly used in everyday interactions.

When identifying markers for aging with quality of 
life, cognitive function stands out as a key element. This 
process involves a subjective approach and can be achieved 
by recognizing individual characteristics, expressed through 
the promotion of physical and mental well-being and active 
participation in society [4]. Advancing age can lead to a 
reduction in functional capacity; moreover, the increasing 
incidence of degenerative diseases and cognitive decline has 
become more common in this population, making individuals 
more vulnerable and in need of additional care. The slowing of 
mental abilities may be related to sensory losses inherent to 
aging [5].

Communication is fundamental for social interaction and 
for maintaining cognitive functions throughout aging. In 
this context, assistive technologies, auditory rehabilitation 
programs, and cognitive training emerge as promising 
alternatives to support autonomy and active social participation 
among older adults [6]. Studies show that the use of hearing 
aids stimulates brain functions, enabling intervention in the 
decline and reinforcing the importance of adequate detection 
and treatment (Lin et al., 2013).

Notably, the study of cognitive functions related to language 
has received increasing scientifi c interest, as the interaction 
among these functions can infl uence communication, 
socialization, and daily living activities. Understanding this 
relationship is essential for developing strategies such as the 
use of assistive technologies, cognitive training, and auditory 
rehabilitation programs, with the goal of promoting active and 
satisfactory social engagement. Furthermore, these studies 
provide valuable information for the development of public 
policies aimed at managing hearing healthcare, helping to 
ensure access to quality services for individuals with hearing 
disabilities.

Methods

This study employed a prospective observational pre–
post design with repeated cognitive measures obtained before 
hearing aid fi tting and after six months of follow-up. In the 
fi rst phase, an initial assessment was conducted, including 
anamnesis, audiological examinations, fi tting of the Hearing 
Aid (HA), and the initial administration of cognitive tests. In the 

second phase, auditory reassessment and re-administration of 
cognitive tests were performed. Because no control group was 
included, the fi ndings should be interpreted as longitudinal 
associations related to hearing aid use rather than defi nitive 
causal effects.

Between these two phases, participants attended periodic 
follow-up visits for device adjustments and guidance on proper 
use. Data collection and testing were carried out in a medium- 
and high-complexity auditory rehabilitation service located 
in Aracaju, Sergipe. The service is accredited by the Brazilian 
Ministry of Health for diagnosis, indication, and fi tting of 
conventional hearing aids and auditory implants, and it has the 
physical infrastructure, human resources, and technological 
equipment required for auditory rehabilitation.

The study was approved by the Research Ethics Committee of 
the Federal University of Sergipe, CAAE: 55186221.1.0000.5546, 
in accordance with Resolution No. 466/2012 of the Brazilian 
National Health Council. All participants were informed about 
the study objectives, procedures, risks, and benefi ts, and 
voluntarily signed the Informed Consent Form (ICF).

The sample consisted of 64 individuals recruited between 
September 2022 and February 2025, referred by the Control, 
Evaluation, Audit and Regulation Center of the Municipal 
Government of Aracaju, with complaints of hearing loss and 
who met the inclusion criteria: age ≥ 60 years; residence in 
the state of Sergipe; hearing loss confi rmed by audiological 
examinations; no prior use of hearing aids; and availability to 
participate in all study stages.

Exclusion criteria were applied to remove participants 
with neurological diseases associated with marked cognitive 
impairment; profound hearing loss without oral language; or 
orofacial motor impairments preventing speech production, or 
scores suggestive of signifi cant cognitive impairment according 
to education-adjusted MMSE-2 cutoff scores recommended for 
the Brazilian population. Four participants did not complete all 
study stages and were excluded from the fi nal analysis. Thus, 
the fi nal sample consisted of 60 participants.

To minimize measurement variability, all cognitive 
assessments were administered by the same trained examiner 
under standardized environmental conditions and in the same 
sequence at both assessment moments. Hearing aid adherence 
was monitored during follow-up visits through patient 
reports and device data logging, allowing adjustments and 
reinforcement of usage guidance when necessary.

During anamnesis, information was collected regarding 
hearing loss, associated symptoms, comorbidities, 
socioeconomic and demographic aspects, expectations, and 
family involvement. Audiological examinations were performed 
to characterize the individual hearing profi le, support HA 
selection, and when necessary, create the earmold. After device 
fi tting, the initial cognitive tests were administered, and 
participants received guidance on the importance of device use, 
daily care, and handling.
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For HA programming, the Hi-Pro interface was used, 
connected to a computer running Windows XP and the NOAH 
v4.0 platform (HIMSA). The HA–Hi-Pro connection was 
performed via cable or Bluetooth. One month after HA delivery, 
participants returned for follow-up, device adjustments based 
on data logging, and clarifi cation of handling-related doubts.

The second phase took place six months after the HA 
fi tting. In this phase, participants underwent auditory 
reassessment, including functional gain in an acoustic booth 
and reprogramming adjustments when necessary. Cognitive 
tests were then re-administered, allowing comparison between 
initial and fi nal assessments. Data collection in both phases 
was carried out by the same examiner, ensuring procedural 
standardization.

Audiological assessment included pure-tone audiometry, 
speech recognition thresholds, speech discrimination testing, 
acoustic immittance measures, and acoustic refl ex evaluation, 
following standardized international criteria and calibration 
procedures.

Audiological examinations were conducted in an acoustic 
booth using Interacoustics audiometers, models AD229 and 
AC40, with supra-aural TDH39 earphones calibrated according 
to ISO 389 standards. Hearing level classifi cation followed 
Lloyd and Kaplan (1978), and type was determined according 
to Silman and Silverman (1997). 

Acoustic immittance measures were obtained using 
the Interacoustics AT235h device with ipsilateral Standard 
earphones and contralateral TDH-39 earphones, calibrated 
according to ISO 389 and IEC 645-1/1027 standards. 
Tympanometric curves were classifi ed as follows: type A, 
Ad, Ar, B, and C. These classifi cations followed Jerger (1970). 
Acoustic refl ex testing involved ascending sound stimuli at 
500, 1000, 2000, and 4000 Hz in ipsilateral and contralateral 
modes. 

Cognitive screening was performed using the Brazilian 
adapted version of the Mini-Mental State Examination (MMSE-
2) [7]. The instrument was administered individually under 
standardized conditions in a quiet and well-lit environment 
and assesses orientation, attention, memory, language, and 
visuospatial abilities. Scores were interpreted according to 
Brazilian normative recommendations adjusted for educational 
level [8].

Semantic Verbal Fluency was then administered. 
Participants were asked to name as many animals as possible 
within 60 seconds. Performance was based on the total number 
of correct responses, excluding repetitions or items outside 
the category. This test assesses semantic memory, sustained 
attention, planning, and cognitive fl exibility and is sensitive to 
early cognitive changes [9].

Attention and working memory were assessed using the 
Brief Neuropsychological Assessment Instrument (Neupsilin), 
a validated Brazilian tool for evaluating attention, memory, 
language, and executive functions [10]. Tasks included 

measures of sustained attention, working memory, verbal 
repetition, and short-term visual memory. Administration 
followed standardized procedures.

Statistical analysis included descriptive measures (mean, 
median, standard deviation, interquartile range, absolute and 
relative frequencies) and hypothesis testing. Data normality 
was assessed using the Shapiro–Wilk test. Because variables 
showed non-normal distribution, non-parametric methods 
were applied. The Wilcoxon signed-rank test was used for 
paired comparisons, the Mann–Whitney U test for independent 
samples, and the Kruskal–Wallis test followed by Dunn’s post 
hoc test for multiple comparisons when appropriate. Given the 
relatively small sample size and non-normal distribution of 
several variables, non-parametric methods were considered 
more appropriate for the analyses. Analyses were conducted 
using R software version 4.3.2, adopting a signifi cance level 
of 5%. 

Results

The sample consisted of 60 older adults, with a mean 
age of 70.12 ± 7.91 years and bilateral hearing loss. A slight 
predominance of males was observed (53.33%). Regarding 
educational level, individuals with incomplete elementary 
education were more frequent (45%). With respect to the 
type and degree of hearing loss, there was a predominance 
of sensorineural loss and moderate bilateral degree. Speech 
recognition thresholds averaged 47.42 ± 14.77 dB in the right 
ear and 46.92 ± 16.26 dB in the left ear. Immittance testing 
showed a predominance of type A tympanograms (81.67%) 
and absence of acoustic refl exes in most participants (98.33%) 
(Table 1).

Regarding sociodemographic aspects, most of the 
sample resided in the Aracaju health region. With respect to 
occupation, the most frequent activities were agriculture and 
manual labor. Nearly half of the respondents reported previous 
exposure to noisy environments, particularly in industrial 
and commercial settings. Table presents descriptive variables 
of the sample and highlights that 46.7% of the individuals 
reported being married, with the majority self-identifying 
as brown (pardo). Approximately 47 older adults reported 
a family income ranging from one to two minimum wages. 
Among the participants, 85% reported diffi culty hearing and 
a family history of hearing loss. The most frequent symptoms 
associated with hearing loss were tinnitus and dizziness. A 
high prevalence of arterial hypertension and diabetes was also 
observed among the clinical comorbidities reported (Table 2)

When comparing the two assessment moments, a 
signifi cantly better performance was observed after hearing 
aid fi tting across all cognitive tests administered (p < 0.05), as 
shown in Table 3. 

When stratifi ed by degree of hearing loss, individuals with 
mild hearing loss showed higher mean scores on the working 
memory and repeated sequence tests compared with those with 
moderate hearing loss, both before and after the intervention 
(p < 0.05). No signifi cant differences were observed between 
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Table 1: Sociodemographic and Auditory Profi le of the Study Participants.

Characteristics Values

Age

Mean (Standard Deviation) 70.12 (7.91)

Median [Q1, Q3] 70.50 [64.50, 75.50]

Sex, n / N (%)

Female 28 / 60 (46.67%)

Male 32 / 60 (53.33%)

Education, n / N (%)

Complete Elementary School 16 / 60 (26.67%)

Incomplete Elementary School 27 / 60 (45.00%)

Complete High School 8 / 60 (13.33%)

Complete Higher Education 9 / 60 (15.00%)

Degree of Hearing Loss (Worse Ear), n / N (%)

Mild 19 / 60 (31.67%)

Moderate 29 / 60 (48.33%)

Severe/Profound 12 / 60 (20.00%)

Degree of Hearing Loss (Better Ear), n / N (%)

Mild 29 / 60 (48.33%)

Moderate 28 / 60 (46.67%)

Severe/Profound 3 / 60 (5.00%)

Asymmetry, n / N (%)

No 42 / 60 (70.00%)

Yes 18 / 60 (30.00%)

Confi guration, n / N (%)

Mild/Mild 19 / 60 (31.67%)

Mild/Moderate 9 / 60 (15.00%)

Moderate/Moderate 20 / 60 (33.33%)

Mild/Severe 1 / 60 (1.67%)

Moderate/Severe 8 / 60 (13.33%)

Severe/Severe 3 / 60 (5.00%)

Degree of Hearing Loss – Right Ear, n / N (%)

Mild 23 / 60 (38.33%)

Moderate 29 / 60 (48.33%)

Severe/Profound 8 / 60 (13.33%)

Degree of Hearing Loss – Left Ear, n / N (%)

Mild 25 / 60 (41.67%)

Moderate 28 / 60 (46.67%)

Severe/Profound 7 / 60 (11.67%)

Type of Hearing Loss – Right Ear, n / N (%)

Mixed Loss 10 / 60 (16.67%)

Sensorineural 50 / 60 (83.33%)

Type of Hearing Loss – Left Ear, n / N (%)

Mixed Loss 7 / 60 (11.67%)

Sensorineural 53 / 60 (88.33%)

Speech Recognition Threshold – Right Ear

Mean (SD) 47.42 (14.77)

Median [Q1, Q3] 45.00 [37.50, 55.00]

Speech Recognition Threshold – Left Ear

Mean (SD) 46.92 (16.26)

Median [Q1, Q3] 45.00 [35.00, 55.00]

Speech Recognition Percentage Index – Right Ear

Mean (SD) 0.85 (0.13)

Median [Q1, Q3] 0.88 [0.76, 0.96]

Speech Recognition Percentage Index – Left Ear

Mean (SD) 0.86 (0.12)

Median [Q1, Q3] 0.88 [0.80, 0.96]

Tympanogram Type – Right Ear

A 49 / 60 (81.67%)

Ad 1 / 60 (1.67%)

Ar 5 / 60 (8.33%)

B 2 / 60 (3.33%)

C 3 / 60 (5.00%)

Acoustic Refl ex – Right Ear

Absent 59 / 60 (98.33%)

Present 1 / 60 (1.67%)

Refl ex Absent 0.5 kHz 53 / 59 (89.83%)

Refl ex Absent 1 kHz 53 / 59 (89.83%)

Refl ex Absent 2 kHz 55 / 59 (93.22%)

Refl ex Absent 4 kHz 59 / 59 (100.00%)

Tympanogram Type – Left Ear

A 49 / 60 (81.67%)

Ad 1 / 60 (1.67%)

Ar 7 / 60 (11.67%)

B 1 / 60 (1.67%)

C 2 / 60 (3.33%)

Acoustic Refl ex – Left Ear

Absent 59 / 60 (98.33%)

Present 1 / 60 (1.67%)

Refl ex Absent 0.5 kHz 54 / 59 (91.53%)

Refl ex Absent 1 kHz 54 / 59 (91.53%)

Refl ex Absent 2 kHz 56 / 59 (94.92%)

Refl ex Absent 4 kHz 59 / 59 (100.00%)

Table 2: Sociodemographic and Healthy Profi le of the Study Participants.

Variables Values

Occupation

Agriculture and manual activities 21 (35.0%)

Commerce and services 11 (18.3%)

Technical/college-level professionals 11 (18.3%)

Transportation and industry sector 10 (16.7%)

Domestic work 7 (11.7%)

Marital Status

Married 28 (46.7%)

Divorced 5 (8.3%)

Single 12 (20.0%)

Widowed 15 (25.0%)

Family Income

1 minimum wage 17 (28.3%)

2 minimum wages 30 (50.0%)
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degrees of hearing loss for the remaining domains: MMSE-
2, backward counting, execution time, digit repetition, visual 
memory, and verbal fl uency (Table 4).

In the intragroup analysis, there was a signifi cant 
improvement in cognitive performance after the intervention 
among participants with mild and moderate hearing loss. 
Among those with mild loss, signifi cant increases were 
observed in MMSE-2 (p < 0.001), working memory (p = 0.006), 
repeated sequence (p < 0.001), and language – repetition (p = 
0.049). In addition, execution time was reduced (p < 0.001). In 
the group with moderate hearing loss, mean gains were also 
observed in MMSE-2 (p < 0.001), working memory (p = 0.029), 
repeated sequence (p < 0.001), and language – repetition (p 
= 0.049). Execution time was likewise reduced (p < 0.001). In 
the group with severe/profound loss, although mean increases 
were observed across all cognitive domains evaluated, the 
differences did not reach statistical signifi cance, which should 
be interpreted cautiously due to the reduced sample size and 
limited statistical power of this subgroup analysis (n = 3) 
(Table 5).

Discussion

Hearing loss has a high prevalence among older adults, 
affecting approximately half of individuals over 60 years of 
age [11]. Studies have demonstrated a signifi cant association 
between hearing impairment and cognitive decline, suggesting 
that reduced auditory perception may contribute to cognitive 
overload, social isolation, and, consequently, declines in 
functions such as attention, memory, and processing speed [7].

In this context, the present study aims to correlate 
hearing loss and cognitive decline within the broader issue of 
population aging. The importance of auditory stimulation in 
older adults through the use of hearing aids lies in its potential 
to slow the progression of conditions that affect memory and 
language abilities. A similar study conducted by the Lancet 
Commission showed that several risk factors may directly 
infl uence dementia symptoms, including hearing loss. The 
authors highlight the importance of hearing aid fi tting as an 
important ally in reducing, delaying, or preventing dementia, 
while promoting socially active aging [6].

To estimate the association between presbycusis and 
cognitive functions, Loughrey [12] conducted a systematic 

3 minimum wages 13 (21.7%)

Self-reported Skin Color/Race

White 10 (16.7%)

Black 10 (16.7%)

Brown (Pardo) 40 (66.7%)

Systemic Arterial Hypertension (SAH)

No 22 (36.7%)

Yes 38 (63.3%)

Diabetes

No 31 (51.7%)

Yes 29 (48.3%)

Self-reported Hearing Diffi  culty

Sometimes 5 (8.3%)

No 4 (6.7%)

Yes 51 (85.0%)

Tinnitus

Sometimes 2 (3.3%)

No 22 (36.7%)

Yes 36 (60.0%)

Dizziness

Sometimes 3 (5.0%)

No 35 (58.3%)

Yes 22 (36.7%)

Family History of Hearing Loss

No 29 (48.3%)

Yes 31 (51.7%)

Worked in a Noisy Environment

No 32 (53.3%)

Yes 28 (46.7%)

Table 3: Cognitive Test Performance Before and After 6 Months of Hearing Aid Use.

Characteristics 1. Before (N=60) 2. After (N=60) p-value

MMSE-2 <0.001¹

Mean (Standard Deviation) 20.73 (3.80) 22.62 (3.27)

Median [Q1, Q3] 21.00 [18.00, 23.00] 23.00 [21.00, 25.00]

Backward Counting <0.001¹

Mean (Standard Deviation) 16.05 (5.33) 17.02 (4.68)

Median [Q1, Q3] 19.00 [12.50, 20.00] 19.50 [15.50, 20.00]

Time (s) <0.001¹

Mean (Standard Deviation) 34.60 (15.00) 31.92 (11.27)

Median [Q1, Q3] 32.00 [24.50, 40.00] 30.00 [24.00, 38.00]

Digit Repetition 0.002¹

Mean (Standard Deviation) 4.92 (1.89) 5.23 (1.64)

Median [Q1, Q3] 5.00 [4.00, 7.00] 5.00 [4.00, 7.00]

Working Memory <0.001¹

Mean (Standard Deviation) 3.78 (2.01) 4.47 (1.84)

Median [Q1, Q3] 3.00 [2.00, 6.00] 4.00 [3.00, 6.00]

Repeated Sequence <0.001¹

Mean (Standard Deviation) 2.68 (1.19) 3.08 (1.03)

Median [Q1, Q3] 2.00 [2.00, 4.00] 3.00 [2.00, 4.00]

Visual Memory <0.001¹

Mean (Standard Deviation) 2.13 (0.85) 2.47 (0.65)

Median [Q1, Q3] 2.00 [2.00, 3.00] 3.00 [2.00, 3.00]

Language – Repetition <0.001¹

Mean (Standard Deviation) 8.17 (1.36) 8.78 (1.04)

Median [Q1, Q3] 8.00 [7.00, 9.00] 9.00 [8.00, 10.00]

Semantic Verbal Fluency <0.001¹

Mean (Standard Deviation) 14.10 (4.12) 15.35 (3.80)

Median [Q1, Q3] 14.50 [11.50, 17.00] 15.00 [12.50, 18.00]

¹Wilcoxon signed-rank test with continuity correction. Legend: SD – Standard 
Deviation; IQR – Interquartile Range.
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review with meta-analysis, including 36 studies and a total 
of 20,264 individuals. A signifi cant correlation was found 
between cognition and age-related hearing loss, suggesting a 
potential biomarker and an important risk factor for mental 
function decline. In our research, we observed a signifi cant 
increase in total scores in cognitive tests conducted six months 
after hearing aid fi tting.

The fi ndings of this study revealed that bilateral 
sensorineural hearing loss, ranging from mild to moderate 
degree, was the most frequent form among the older adults 
evaluated, an observation widely described in the literature 
as characteristic of presbycusis. Previous studies indicate that 
aging of the auditory system is associated with degeneration 
of hair cells and central neural pathways, resulting in elevated 
thresholds and diffi culty in speech discrimination, especially in 
noisy environments [13,14]. The predominance of symmetrical 

and sloping audiometric confi gurations observed in our 
study also reinforces the classic audiometric profi le of aging, 
described by Barbosa et al. [15].

The speech recognition index (SRI) showed average scores 
below 88% for most participants, indicating impaired speech 
intelligibility. These results are similar to those described by 
Borges et al. [16], who found average SRI values around 80% 
in older adults with presbycusis. This diffi culty in speech 
comprehension may be attributed to both degradation of 
peripheral auditory pathways and reduced speed of central 
auditory processing, a common phenomenon in older 
individuals [17]. In immittance testing, type was predominant, 
with A tympanograms and mostly absent acoustic refl exes. 
These fi ndings suggest preserved middle-ear integrity but 
compromised central auditory pathways and brainstem 
function, possibly age-related.

Table 4: Comparison of cognitive performance among different types of hearing loss at the Pre- and Post-Intervention moments.

 Before, N = 60 After, N = 60

Characteristics
Mild 

N = 29
Moderate 

N = 28
Severe/Profound 

N = 3
p-value1 Mild 

N = 29
Moderate 

N = 28
Severe/Profound 

N = 3
p-value1

MMSE-2 0.491 0.753

Mean (SD) 21.24 (3.89) 20.29 (3.55) 20.00 (6.00) 22.79 (3.48) 22.36 (3.07) 23.33 (4.04)

Median [Q1; Q3]
22.00 [19.00; 

24.00]
19.50 [18.00; 

23.00]
20.00 [14.00; 26.00]

24.00 [21.00; 
25.00]

23.00 [20.50; 
24.50]

21.00 [21.00; 28.00]

Backward Counting 0.209 0.091

Mean (SD) 17.24 (4.45) 14.54 (6.06) 18.67 (1.53) 18.21 (3.92) 15.57 (5.25) 19.00 (1.73)

Median [Q1; Q3]
19.00 [18.00; 

20.00]
17.00 [10.00; 

20.00]
19.00 [17.00; 20.00]

20.00 [19.00; 
20.00]

18.00 [11.00; 
20.00]

20.00 [17.00; 20.00]

Execution Time (s) 0.270 0.792

Mean (SD) 37.21 (18.56) 31.18 (10.28) 41.33 (7.77) 32.59 (13.22) 30.82 (9.20) 35.67 (10.69)

Median [Q1; Q3]
31.00 [25.00; 

41.00]
31.50 [22.00; 

39.50]
39.00 [35.00; 50.00]

30.00 [25.00; 
38.00]

30.00 [23.00; 
38.00]

30.00 [29.00; 48.00]

Digit Repetition 0.498 0.901

Mean (SD) 5.03 (2.21) 4.86 (1.53) 4.33 (2.08) 5.24 (1.92) 5.21 (1.40) 5.33 (1.15)

Median [Q1; Q3] 5.00 [4.00; 7.00] 5.00 [4.00; 6.00] 5.00 [2.00; 6.00] 6.00 [4.00; 7.00] 5.00 [4.00; 6.50] 6.00 [4.00; 6.00]

Working Memory 0.027* 0.007*

Mean (SD) 4.48 (2.15) 3.18 (1.72) 2.67 (0.58) 5.10 (1.78) 3.86 (1.78) 4.00 (1.00)

Median [Q1; Q3] 4.00 [3.00; 6.00] 3.00 [2.00; 4.00] 3.00 [2.00; 3.00] 5.00 [4.00; 6.00] 3.50 [3.00; 4.50] 4.00 [3.00; 5.00]

Repeated Sequence 0.087 0.011*

Mean (SD) 3.03 (1.35) 2.36 (0.95) 2.33 (0.58) 3.41 (1.09) 2.75 (0.89) 3.00 (1.00)

Median [Q1; Q3] 3.00 [2.00; 4.00] 2.00 [2.00; 2.50] 2.00 [2.00; 3.00] 4.00 [3.00; 4.00] 3.00 [2.00; 3.00] 3.00 [2.00; 4.00]

Visual Memory 0.436 0.883

Mean (SD) 2.21 (0.98) 2.04 (0.74) 2.33 (0.58) 2.45 (0.69) 2.46 (0.64) 2.67 (0.58)

Median [Q1; Q3] 2.00 [2.00; 3.00] 2.00 [1.50; 3.00] 2.00 [2.00; 3.00] 3.00 [2.00; 3.00] 3.00 [2.00; 3.00] 3.00 [2.00; 3.00]

Language – Repetition 0.003* 0.266

Mean (SD) 8.76 (1.15) 7.68 (1.33) 7.00 (1.00) 9.00 (0.96) 8.61 (1.13) 8.33 (0.58)

Median [Q1; Q3]
9.00 [8.00; 

10.00]
8.00 [6.50; 9.00] 7.00 [6.00; 8.00]

9.00 [8.00; 
10.00]

8.50 [8.00; 10.00] 8.00 [8.00; 9.00]

Verbal Fluency 0.059 0.243

Mean (SD) 14.69 (3.82) 13.07 (4.22) 18.00 (3.61) 15.38 (4.10) 14.96 (3.52) 18.67 (2.08)

Median [Q1; Q3]
15.00 [13.00; 

18.00]
12.00 [9.50; 16.50] 17.00 [15.00; 22.00]

15.00 [12.00; 
19.00]

15.00 [12.50; 
17.50]

18.00 [17.00; 21.00]

¹Kruskal–Wallis test
Legend: SD – Standard Deviation; IQR – Interquartile Range; * indicates statistically signifi cant values. MMSE-2 – Mini-Mental State Examination.
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Such results align with the auditory aging processes 
described by Gordon-Salant [18], who emphasizes reduced 
neural excitability and synaptic loss as factors limiting stapedius 
refl ex responses. The infl uence of sociodemographic factors 
on cognitive performance in older adults is widely recognized. 
In the present study, a predominance of participants with 
low educational levels was observed, a condition that may be 
related to reduced neural reserve and, consequently, greater 
susceptibility to cognitive decline. 

The literature reports that higher education acts as 
a protective factor, contributing to the maintenance of 
cognitive functions and reducing dementia incidence [19,20]. 
Furthermore, individuals with lower schooling tend to seek 
auditory rehabilitation services later, which may limit the 
cognitive benefi ts derived from early hearing aid use [21].

In this study, most participants had occupations in 
agriculture, services, transportation, and industry—fi elds 
associated with higher exposure to noise and ototoxic agents. 
These occupational factors are recognized contributors to 
noise-induced hearing loss and aggravators of presbycusis 
[22]. 

The socioeconomic analysis of participants showed 
that most older adults using hearing aids provided by the 
Brazilian Unifi ed Health System (SUS) had low family income, 
concentrated within up to three minimum wages. This profi le 
highlights the economic vulnerability of this group, which often 
depends on public provision to access hearing devices. National 
studies indicate that individuals with lower income tend to 
seek auditory rehabilitation later, which may compromise 
potential cognitive and communicative gains resulting from 
early hearing aid use [23]. 

Table 5: Comparison of Cognitive Performance Before and After Six Months of Hearing Aid Use for Each Degree of Hearing Loss

 Mild, N = 58 Moderate, N = 56 Severe/Profound , N = 6

Characteristics
1. Before 

N = 29
2. After 
N = 29

p-value1 1. Before 
N = 28

2. After 
N = 28

p-value1 1. Before
N = 3

2. After 
N = 3

p-value1

MMSE-2 <0.001* <0.001 0.250

Mean (SD) 21.24 (3.89) 22.79 (3.48) 20.29 (3.55) 22.36 (3.07) 20.00 (6.00) 23.33 (4.04)

Median [Q1; Q3]
22.00 [19.00; 

24.00]
24.00 [21.00; 

25.00]
19.50 [18.00; 

23.00]
23.00 [20.50; 

24.50]
20.00 [14.00; 

26.00]
21.00 [21.00; 

28.00]

Backward Counting 0.002* 0.003 >0.999

Mean (SD) 17.24 (4.45) 18.21 (3.92) 14.54 (6.06) 15.57 (5.25) 18.67 (1.53) 19.00 (1.73)

Median [Q1; Q3]
19.00 [18.00; 

20.00]
20.00 [19.00; 

20.00]
17.00 [10.00; 

20.00]
18.00 [11.00; 

20.00]
19.00 [17.00; 

20.00]
20.00 [17.00; 

20.00]

Execution Time (s) <0.001 0.425 0.250

Mean (SD) 37.21 (18.56) 32.59 (13.22) 31.18 (10.28) 30.82 (9.20) 41.33 (7.77) 35.67 (10.69)

Median [Q1; Q3]
31.00 [25.00; 

41.00]
30.00 [25.00; 

38.00]
31.50 [22.00; 

39.50]
30.00 [23.00; 

38.00]
39.00 [35.00; 

50.00]
30.00 [29.00; 

48.00]

Digit Repetition 0.098 0.027 0.371

Mean (SD) 5.03 (2.21) 5.24 (1.92) 4.86 (1.53) 5.21 (1.40) 4.33 (2.08) 5.33 (1.15)

Median [Q1; Q3] 5.00 [4.00; 7.00] 6.00 [4.00; 7.00] 5.00 [4.00; 6.00] 5.00 [4.00; 6.50] 5.00 [2.00; 6.00] 6.00 [4.00; 6.00]

Working Memory 0.002 <0.001 0.174

Mean (SD) 4.48 (2.15) 5.10 (1.78) 3.18 (1.72) 3.86 (1.78) 2.67 (0.58) 4.00 (1.00)

Median [Q1; Q3] 4.00 [3.00; 6.00] 5.00 [4.00; 6.00] 3.00 [2.00; 4.00] 3.50 [3.00; 4.50] 3.00 [2.00; 3.00] 4.00 [3.00; 5.00]

Repeated Sequence 0.018 0.005 0.346

Mean (SD) 3.03 (1.35) 3.41 (1.09) 2.36 (0.95) 2.75 (0.89) 2.33 (0.58) 3.00 (1.00)

Median [Q1; Q3] 3.00 [2.00; 4.00] 4.00 [3.00; 4.00] 2.00 [2.00; 2.50] 3.00 [2.00; 3.00] 2.00 [2.00; 3.00] 3.00 [2.00; 4.00]

Visual Memory 0.039 0.002 >0.999

Mean (SD) 2.21 (0.98) 2.45 (0.69) 2.04 (0.74) 2.46 (0.64) 2.33 (0.58) 2.67 (0.58)

Median [Q1; Q3] 2.00 [2.00; 3.00] 3.00 [2.00; 3.00] 2.00 [1.50; 3.00] 3.00 [2.00; 3.00] 2.00 [2.00; 3.00] 3.00 [2.00; 3.00]

Language – Repetition 0.078 <0.001 0.346

Mean (SD) 8.76 (1.15) 9.00 (0.96) 7.68 (1.33) 8.61 (1.13) 7.00 (1.00) 8.33 (0.58)

Median [Q1; Q3] 9.00 [8.00; 10.00] 9.00 [8.00; 10.00] 8.00 [6.50; 9.00] 8.50 [8.00; 10.00] 7.00 [6.00; 8.00] 8.00 [8.00; 9.00]

Verbal Fluency 0.015 <0.001 0.586

Mean (SD) 14.69 (3.82) 15.38 (4.10) 13.07 (4.22) 14.96 (3.52) 18.00 (3.61) 18.67 (2.08)

Median [Q1; Q3]
15.00 [13.00; 

18.00]
15.00 [12.00; 

19.00]
12.00 [9.50; 

16.50]
15.00 [12.50; 

17.50]
17.00 [15.00; 

22.00]
18.00 [17.00; 

21.00]
1Wilcoxon signed rank test with continuity correction.
2Wilcoxon signed rank exact test; Wilcoxon signed rank test with continuity correction.
Legend: SD – Standard Deviation; IQR – Interquartile Range; MMSE-2 – Mini-Mental State Examination.
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It is noteworthy that all participants were in the process 
of adapting to hearing aids and had confi rmed hearing loss. In 
the state of Sergipe, studies indicate that most older adults who 
use public health services reside in Aracaju, the state capital, 
where specialized services are concentrated [24]. 

These data align with our fi ndings, in which more than half 
of the participants lived in Aracaju. Additionally, data released 
by the Sergipe State Health Secretariat in 2024 indicate that 
auditory health services have restored quality of life to hundreds 
of users, highlighting the social and functional impact of 
these interventions. Regarding sex differences, although this 
study did not fi nd signifi cant differences, Lundgren et al. [25] 
observed that cognitive impairment tends to be more strongly 
associated with untreated hearing loss in women. These 
authors emphasize that delayed access to auditory treatment 
may limit the cognitive benefi ts of rehabilitation, reinforcing 
the importance of early detection and intervention.

Among the reported associated symptoms, the most 
prevalent were hearing loss, followed by tinnitus and dizziness. 
According to Melo et al. [26], tinnitus is frequently reported by 
older adults with presbycusis and may be related to emotional 
impact, anxiety, and concentration diffi culties. In addition 
to interfering with cognitive load, tinnitus can exacerbate 
auditory discomfort and affect daily activities.

Regarding comorbidities, the most prevalent in this study 
were systemic arterial hypertension and diabetes mellitus, both 
widely recognized for their negative effects on the auditory 
system. Hypertension may compromise cochlear perfusion, 
leading to alterations in the microcirculation of the inner ear 
and impairing the function of hair cells [27]. Diabetes mellitus 
is associated with metabolic changes in the stria vascularis and 
reduced glucose transport to the auditory nerve, contributing 
to degenerative and infl ammatory processes [15]. 

Recent evidence from the Brazilian Longitudinal Study of Adult 
Health (ELSA-Brasil) reinforces the infl uence of cardiovascular 
and metabolic comorbidities on hearing. In a four-year 
follow-up analysis, individuals with hypertension showed a 
higher incidence of hearing loss [28], and participants with 
diabetes performed worse on speech perception tests [29]. 
However, after adjusting for age, sex, education, occupational 
noise exposure, and other confounders, this association lost 
statistical signifi cance—indicating that aging remained the 
primary independent risk factor.

Stratifi ed analysis indicated that individuals with mild 
hearing loss showed superior cognitive performance compared 
with those with moderate loss, evidencing a relationship 
between hearing loss degree and cognitive impairment. These 
results support fi ndings by Lin et al. [30], who reported an 
approximately threefold higher risk of cognitive decline in 
older adults with moderate to severe hearing loss. 

Moreover, the absence of signifi cant improvement in 
participants with severe/profound loss may refl ect both low 
sample size and limited neural plasticity at advanced stages of 
sensory deprivation, underscoring the need for early auditory 
interventions to maximize cognitive benefi ts. 

The results of this study demonstrated signifi cant cognitive 
improvement in older adults after six months of hearing aid 
use, as evidenced by gains in Mini-Mental State Examination 
(MMSE-2) scores, verbal fl uency tests, and Neupsilin 
performance. These fi ndings align with evidence from Amieva 
et al. [31], who observed lower dementia incidence among 
older adults using hearing aids, suggesting that auditory 
rehabilitation may serve as a protective factor against cognitive 
decline. Similarly, Maharani et al. [32] reported that hearing 
aid use was associated with attenuation of immediate and 
delayed memory decline.

The analysis showed that hearing aid use exerted a positive 
infl uence on cognitive performance, particularly in semantic 
verbal fl uency tasks, after six months of adaptation. The 
signifi cant increase in average scores between the pre- and 
post-intervention periods indicates that rehabilitation of 
auditory perception provides measurable benefi ts to higher-
order cognitive functions, such as lexical retrieval and 
semantic organization. These fi ndings support the hypothesis 
that auditory stimulation may enhance neural plasticity and 
functional reorganization of cortical networks involved in both 
hearing and cognition.

Previous studies support this relationship between auditory 
amplifi cation and improved cognitive performance. Lin et al. 
[30] and Deal et al. [33] demonstrated that regular hearing 
aid use is associated with decelerated cognitive decline and 
preserved verbal abilities in older adults with mild to moderate 
hearing loss. Wayne [34] reported that auditory deprivation 
overloads attentional and working-memory resources, which 
may explain cognitive impairment in individuals who do not 
use amplifi cation.

The signifi cant interaction effect observed between degree 
of hearing loss and time of assessment reinforces that the 
cognitive impact of hearing aids is more evident in individuals 
with mild and moderate losses, possibly due to greater residual 
auditory capacity and integrity of cortical pathways responsible 
for auditory-cognitive integration. Conversely, the absence of 
signifi cant improvement in those with severe and profound 
losses may refl ect limitations in acoustic perception and 
reduced neuronal plasticity, as described by Dawes et al. [35]. 

These fi ndings indicate that the degree of hearing loss acts 
as a moderator of cognitive response to amplifi cation. Hearing 
aid adaptation was associated with signifi cant improvement 
in MMSE-2 total scores after six months of use. This result is 
consistent with fi ndings by Ito and Owada (2020), who observed 
increased MMSE scores in older adults with hearing loss after 
hearing aid use, especially in attention/concentration, verbal 
comprehension, and constructive praxis domains.

Longitudinal studies, such as Magrini [36], also found 
signifi cant MMSE increases after three months of hearing aid 
use, suggesting that auditory rehabilitation promotes early 
cognitive gains even within relatively short periods. Application 
of the Neupsilin instrument at two moments, during adaptation 
and six months after hearing aid use, revealed signifi cant 
improvements in cognitive performance in subtests related 
to attention, memory, language, verbal fl uency, and executive 
functions. 
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These results corroborate fi ndings associating enhanced 
auditory stimulation with preservation and strengthening 
of cognitive processes in older adults, reducing the risk of 
progressive decline [31,32]. Owing to its multifactorial nature, 
Neupsilin allows for comprehensive assessment of cognitive 
performance changes and is considered a useful tool for 
longitudinal monitoring [10].

This study has some limitations that should be considered 
when interpreting the fi ndings. Repeated administration of 
cognitive instruments such as the MMSE-2 and Neupsilin 
may have produced practice effects, in which participants 
demonstrate improved performance due to familiarity with 
test procedures rather than actual cognitive changes. Practice 
effects are recognized in longitudinal neuropsychological 
assessments and may partially infl uence repeated cognitive 
measures. 

Another limitation concerns the small number of 
participants with severe/profound hearing loss, which may 
have reduced the statistical power of subgroup analyses. 
Finally, the six-month follow-up period may not be suffi cient 
to determine the long-term cognitive effects associated with 
hearing aid use [37-50].

Conclusion 

The intervention involving the use of hearing aids in older 
adults with bilateral hearing loss was associated with improved 
performance in overall cognitive performance and in specifi c 
domains related to attention, working memory, language, and 
semantic verbal fl uency.
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