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A B S T R A C T

Objective: This study aims to evaluate the cognitive performance in adults with hearing loss and to identify as
sociations between clinical characteristics of hearing loss and cognitive outcomes.
Methods: In this cross-sectional analytical observational study, adults with hearing loss underwent the Mini- 
Mental State Examination (MMSE), following the collection of their clinical and audiometric data.
Results: Among 134 evaluated individuals, a majority reported a progressive onset (91.04%) and bilateral nature 
(87.31%) of hearing loss, with moderate hearing loss being the most common (41.04%). Sensorineural hearing 
loss was prevalent in 76.12% of cases, with presbycusis identified as a primary etiology in 37.31%. Comorbidities 
were reported in 61.19% of participants, with 16.42% using benzodiazepines or antidepressants regularly. 
Symptoms included imbalance (33.58%), vertigo (42.54%), and tinnitus (73.88%). Notably, a sudden onset of 
hearing loss and imbalance complaints were linked to a higher likelihood of subnormal MMSE performance. 
Analysis revealed varied cognitive domain performances associated with different clinical characteristics of 
hearing loss.
Conclusion: Various aspects of hearing loss, such as bilateral and sensorineural types, and the presence of 
symptoms like tinnitus and vertigo, significantly influence cognitive performance. Specifically, sudden onset 
hearing loss and imbalance complaints are associated with poorer overall cognitive outcomes in the MMSE. 
These findings underscore the importance of considering the diverse impacts of hearing loss characteristics on 
cognitive functions.
Level of evidence: Level 4.

Introduction

Hearing loss, as defined by the World Health Organization (WHO), is 
a growing public health concern, affecting over 5% of the global pop
ulation, including a significant proportion of those over 65 years old [1]. 
The increase in hearing loss cases is paralleled by a rise in cognitive 
issues and dementia, highlighting a need for in-depth research into their 
interrelation.

Cognitive impairment varies from normal age-related changes to 
severe conditions like dementia. With the global prevalence of dementia 
expected to rise significantly by 2050 [2–4], understanding the link 
between hearing loss and cognitive decline is increasingly important.

Studies show that hearing loss could be a modifiable risk factor for 

cognitive decline [2,5–10]. Potential connections between hearing loss 
and cognitive impairment include sensory deprivation, cognitive over
load, and social isolation. Moreover, global neural degradation due to 
aging could be a common cause for both phenomena [11,12]. Despite 
this, the exact mechanisms underlying the hearing loss-cognitive 
impairment relationship remain unclear.

The economic impact of hearing loss and cognitive impairment is 
substantial, with the WHO estimating billions of US dollars in annual 
costs [3,13]. This underlines the importance of understanding the as
sociation between these two conditions for public health policies and 
interventions.

Several studies have explored the association between hearing loss 
and cognitive decline, revealing a complex and multifaceted 
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relationship.[14] For instance, a prospective cohort of individuals who 
were followed-up at the iconic Framingham Heart Study found associ
ation between hearing loss and worsened Mini Mental State Examina
tion (MMSE) performance [15]. Other studies have identified factors 
like social isolation and sedentary lifestyle as mediating the relationship 
between hearing loss and cognitive decline [16–18].

However, challenges in understanding this relationship persist. For 
example, sensory impairment might influence performance in cognitive 
tests, potentially skewing results [16,19,20]. Additionally, various 
pathophysiological theories propose different mechanisms for the 
hearing loss-cognition connection, such as sensory deprivation altering 
brain structure and function, or cognitive demands compensating for 
poor sensory input [11,21,22].

In summary, the increasing prevalence of hearing loss and its po
tential impact on cognitive performance, especially among older adults, 
highlights a pressing need for further research. This study aims to 
contribute to this field by assessing the cognitive performance of adults 
with hearing loss and exploring associations between clinical features of 
hearing loss and cognitive outcomes.

Methods

The study was a cross-sectional analytical observational clinical 
survey using a questionnaire. It took place at the otolaryngology 
outpatient center of CRER (Centro Estadual de Reabilitação e Readapt
ação Dr. Henrique Santillo) Hospital in Goiânia City, Goiás State, Brazil, 
from January 2022 to February 2023.

We used a convenience sample of 134 adult volunteers from the 
hearing aids outpatient center of CRER Hospital, who had not yet begun 
using hearing aids. The sample size was determined based on the global 
prevalence of clinically relevant deafness [13], with a confidence in
terval of 95% and a margin of error of 4% (half-width of the 95% 
Confidence Interval).

Participants were included if they were over 18 years old, agreed 
voluntarily to the study, and had a medical diagnosis of unilateral or 
bilateral hearing loss with a recommendation for hearing aids. Those 
already using hearing aids or other hearing rehabilitation devices, and 
those with a prior neurocognitive disorder diagnosis, were excluded.

During outpatient visits, participants provided sociodemographic 
data (age, gender, ethnicity, and schooling) and clinical data (comor
bidities like hypertension, diabetes, or dyslipidemia; smoking history; 
use of benzodiazepines or antidepressants; symptoms of tinnitus; com
plaints such of vertigo or imbalance; noise exposure history; and oto
logic surgery history). Data regarding the characteristics of hearing loss, 
including laterality, duration (hypoacusis time, in years, reported by the 
individual, according to their own perception), onset type, and etiology, 
were also collected from medical reports.

Participants’ most recent audiometric exams provided data on bone 
conduction and airway pure tone thresholds across various frequencies. 
All participants had undergone a pure tone audiometry in a cabin of 
dimensions 2 × 2 m, using the same Interacoustics AC 33 audiometer. 
Hearing loss was classified according to WHO standards: normal (<
20 dB), mild (20 < 35 dB), moderate (35 < 50 dB), moderately severe 
(50 < 65 dB), severe (65 < 80 dB), profound (80 < 95 dB), and com
plete (95 dB or greater) [23].

The MMSE, validated in Brazilian Portuguese [24], was used to 
assess cognitive function immediately after clinical and audiometric 
data collection. The MMSE evaluates six cognitive domains with a total 
score range from 0 to 30. Its application was carried out by trained 
doctors. Participants with severe, profound, or complete hearing loss 
were encouraged to read the instructions to respond to each step of the 
test. The scores were classified as “normal” or “below normal” based on 
schooling level [24].

Poisson regression with robust variance was used for the statistical 
analysis. This method helped to identify factors associated with the 
occurrence below-normal general MMSE scores based on education level 

(dichotomous outcome), using Prevalence Ratio (PR) as the measure of 
effect. It was also used to identify factors associated with the number of 
questions answered correctly in each cognitive domain, using the 
average rate of correct responses as the measure of effect.

The analysis included both bivariate and multivariate stages, 
considering various independent variables (hearing loss laterality, time 
onset, degree and type) and potential confounders (age, comorbidities, 
smoking history, medication use, and these symptoms: imbalance, ver
tigo and tinnitus). The final model included variables with a significance 
level of p < 0.05. Multi-collinearity between variables was assessed, and 
the SAS software v. 9.4 was used for all analyses.

The study was approved by the Research Ethics Committee of Fed
eral University of São Paulo (UNIFESP) (approval opinion n. 5.555.585). 
All participants signed informed consent forms before inclusion in the 
study.

Results

Sample descriptive results

The sample comprised 134 individuals who carried hearing loss and 
who were subjected to MMSE. In total, 53% of this number belonged to 
the female sex. Most participants declared themselves white (52%) and 
13% of them declared themselves illiterate.

Most participants (87%) carried bilateral hearing loss and most cases 
(48%) had unknown hearing loss etiology. Most participants (91%) 
presented progressive hearing loss and (61%) had, at least, one comor
bidity (Systemic Arterial Hypertension ‒ SAH), diabetes mellitus or 
dyslipidemia). In total, 80% of participants were not smokers and only 
16% of participants used benzodiazepines or antidepressants. Com
plaints of imbalance were present in 34% of individuals; vertigo in 43%; 
and tinnitus in 74% of the sample. Moderate hearing loss was the most 
frequent degree of it (41%). There was no record of conductive hearing 
loss in the sample, 24% of participants presented the mixed type of it and 
76% of the sample were in the sensorineural-type group. Only 14% of 
participants stated that their hearing condition had affected their test 
understanding (Table 1). The distribution of overall performance scores 
on the MMSE is shown in Fig. 1.

Multivariate analysis – general MMSE performance

In the multivariate model, sudden hearing loss onset and balance 
issues were significant factors. Individuals with sudden hearing loss had 
a 53% higher chance of below-normal general MMSE scores based on 
education level compared to those with progressive loss. Those with 
balance issues showed a 43% higher prevalence of below-normal scores 
(Table 2). The distribution of scores in each of these specific domains is 
shown in Figs. 2–7.

Multivariate analysis – MMSE cognitive domains

Individuals’ scores recorded for each cognitive domain forming 
MMSE were analyzed, namely: time orientation, spatial orientation, 
immediate memory, attention and calculation, evocation memory and 
language.

Time orientation

Unilateral hearing loss, absence of comorbidities, and smoking status 
significantly influenced time orientation scores. Individuals with uni
lateral hearing loss performed 7% better than those with bilateral loss. 
Those without comorbidities and smokers also showed better perfor
mance (Table 3).
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Spatial orientation

Hearing loss degree, laterality, presence of comorbidities and 
tinnitus were significant. Unilateral hearing loss participants also out
performed those with bilateral loss (Table 4).

Table 1 
Demographic and clinical features.

Variable Frequency 
(n = 134)

Percentage

Gender
Female 71 52.99
Male 63 47.01

Age
18‒39 15 11.19
40‒59 38 28.36
60‒79 64 47.76
≥ 80 17 12.69

Ethnicity
Asian 2 1.49
White 70 52.24
Black 8 5.97
Brown 54 40.30

Schooling level
Illiterate 18 13.43
1 to 4 schooling years 35 26.12
5 to 8 schooling years 35 26.12
9 to 11 schooling years 18 13.43
≥ 12 schooling years 28 20.90

Hearing loss laterality
Bilateral 117 87.31
Unilateral 17 12.69

Etiology
Unknown 64 47.76
Presbycusis 50 37.31
Chronic otitis media 9 6.72
Others 11 8.21

Hearing loss onset
Progressive 122 91.04
Sudden 12 8.96

Comorbidities (SAH, Diabetes Mellitus or Dyslipidemia)
No 52 38.81
Yes 82 61.19

Smoking
Smoker or former smoker 27 20.15
Non-smoker 107 79.85

Use of medication (benzodiazepines or antidepressants)
No 112 83.58
Yes 22 16.42

Fig. 1. General MMSE performance.

Table 2 
Distribution of study variables based on gross and adjusted prevalence ratio, 
according to Poisson regression model with robust and adjusted variance and 
their respective 95% Confidence Intervals recorded for general MMSE score 
below normal, based on schooling (n = 134).

Non-adjusted 
prevalence ratio (PR)

Adjusted Prevalence 
Ratio (PR)

Variable PR (95% 
CI)

p‒ 
value

PR (95% 
CI)

p-value

Age 1.00 
(0.99, 
1.01)

0.7500 ‒ ‒

At least one comorbidity (SAH, 
DM or Dyslipidemia)

​ 0.5982 ‒ ‒

No 1 ‒ ‒ ‒
Yes 1.09 

(0.80, 
1.48)

0.5982 ‒ ‒

Smoker ​ 0.7603 ‒ ‒
No 1 ‒ ‒ ‒
Yes 1.06 

(0.74, 
1.51)

0.7603 ‒ ‒

Use of at least one medication 
(Benzodiazepine, 
Antidepressants)

​ 0.1847 ‒ ‒

No 1 ‒ ‒ ‒
Yes 1.25 

(0.90, 
1.74)

0.1847 ‒ ‒

Lack of balance ​ 0.0112 ​ 0.0167a

No 1 ‒ 1 ‒
Yes 1.44 

(1.09, 
1.90)

0.0112 1.43 
(1.07, 
1.92)

0.0167a

Vertigo ​ 0.0431 ‒ ‒
No 1 ‒ ‒ ‒
Yes 1.35 

(1.01, 
1.81)

0.0431 ‒ ‒

Tinnitus ​ 0.1611 ‒ ‒
No 1 ‒ ‒ ‒
Yes 1.33 

(0.89, 
1.97)

0.1611 ‒ ‒

Hearing loss degree ​ 0.4788 ​ 0.7097
Normal or light 0.77 

(0.49; 
1.20)

0.2434 0.83 
(0.54; 
1.28)

0.4090

Moderate or moderately severe 1 ‒ 1 ‒
Severe or complete 0.89 

(0.54; 
1.46)

0.6352 1.00 
(0.48; 
2.08)

0.9922

Laterality ​ 0.4325 ​ 0.2385
Unilateral 0.81 

(0.48; 
1.37)

0.4325 0.66 
(0.33; 
1.32)

0.2385

Bilateral 1 ‒ 1 ‒
Hypoacusis time (years) 1.00 

(0.98, 
1.01)

0.6298 0.99 
(0.98, 
1.01)

0.5028

Hearing loss onset ​ 0.4146 ​ 0.0468a

Progressive 1 ‒ 1 ‒
Sudden 1.20 

(0.78, 
1.84)

0.4146 1.53 
(1.00, 
2.36)

0.0468a

Hearing loss type ​ 0.8613 ​ 0.2837
Mixed 1.03 

(0.73, 
1.45)

0.8613 1.23 
(0.84, 
1.79)

0.2837

Sensorineural 1 ‒ 1 ‒
a p < 0.05.
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Immediate memory

Hearing loss degree and type impacted immediate memory scores. 

Normal or mild hearing loss participants had a 7% higher score than 
those with moderate to moderately severe loss. Those with mixed 
hearing loss outperformed sensorineural loss individuals (Table 5).

Fig. 2. Time orientation domain performance.

Fig. 3. Spatial orientation domain performance.

Fig. 4. Immediate memory domain performance.

Fig. 5. Attention and calculation domain performance.

Fig. 6. Evocation memory domain performance.

Fig. 7. Language domain performance.
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Attention and calculation

Unilateral hearing loss, absence of vertigo and absence of tinnitus 
were associated with better performance. Participants with unilateral 
hearing loss had a 77% higher score than those with bilateral loss. 
Additionally, the average number of correct responses decreases by 1% 
for each year of age (p = 0.0411) (Table 6).

Evocation memory

Hearing loss onset, the absence of comorbidities and the absence of 
tinnitus were significant. Progressive hearing loss participants per
formed better than those with sudden onset. Absence of comorbidities 

and tinnitus also led to better scores (Table 7).

Language

Participants with unilateral loss scored 14% higher than those with 
bilateral hearing loss. Patients with severe or complete hearing loss 
scored 8% lower than those with moderate or moderately severe hearing 
loss. Other significant factors included absence of comorbidities, using 
of medication and absence of vertigo. Additionally, the average number 
of correct responses in language decreases by 1% for each one-year in
crease in age (Table 8).

Table 3 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% confidence intervals, for the number of correct responses in temporal 
orientation (n = 134).

Average rate ‒ time orientation

Variable Non-adjusted 
(95% CI)

p-value Adjusted 
(95% CI)

p-value

Age 0.99 (0.98, 
1.00)

0.0260 ‒ ‒

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.0496 ​ 0.0410a

No 1 ‒ 1 ‒
Yes 0.96 

(0.91;1.00)
0.0496 0.95 (0.90; 

1.00)
0.0410a

Smoker ​ 0.0907 ‒ 0.0482
No 1 ‒ 1 ‒
Yes 1.04 (0.99, 

1,08)
0.0907 1.05 (1.00, 

1.10)
0.0482a

Use of at least one 
medication 
(Benzodiazepine, 
Antidepressants)

​ 0.4926 ‒ ‒

No 1 ‒ ‒ ‒
Yes 0.98 (0.92; 

1.04)
0.4926 ‒ ‒

Lack of balance ​ 0.1755 ‒ ‒
No 1 0.1755 ‒ ‒
Yes 0.96 (0.91, 

1.02)
‒ ‒ ‒

Vertigo ​ 0.9662 ‒ ‒
No 1 ‒ ‒ ‒
Yes 1.00 (0.95, 

1.05)
0.9662 ‒ ‒

Tinnitus ​ 0.7750 ‒ ‒
No 1 0.7750 ‒ ‒
Yes 0.99 (0.94, 

1.04)
‒ ‒ ‒

Hearing loss degree ​ 0.0241 ​ 0.2434
Normal or light 1.04 (1.00, 

1.09)
0.0660 1.04 (0.99, 

1.09)
0.1008

Moderate to moderately 
severe

1 ‒ 1 ‒

Severe or complete 1.06 (1.02, 
1.11)

0.0064 1.02 (0.96, 
1.09)

0.4681

Laterality ​ <0.0001 ​ 0.0024a

Unilateral 1.07 (1.04, 
1.10)

<0.0001 1.07 (1.02, 
1.12)

0.0024a

Bilateral 1 ‒ 1 ‒
Hypoacusis time (years) 1.00 (1.00, 

1.00)
0.6232 1.00 (1.00, 

1.00)
0.6461

Hearing loss onset ​ 0.0324 ​ 0.4843
Progressive 1 ‒ 1 ‒
Sudden 1.05 (1.00, 

1.09)
0.0324 0.98 (0.93, 

1.04)
0.4843

Hearing loss type ​ 0.8012 ​ 0.7382
Mixed 1.01 (0.95, 

1.06)
0.8012 0.99 (0.94, 

1.04)
0.7382

Sensorineural 1 ‒ 1 ‒
a p < 0.05.

Table 4 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% confidence intervals, for the number of correct responses in spatial orien
tation (n = 134).

Average rate ‒ spatial orientation

Variable Non- 
adjusted 
(95% CI)

p- 
value

Adjusted 
(95% CI)

p-value

Age 0.99 (0.9, 
1.00)

0.0119 ‒ ‒

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.0021 ​ 0.0016a

No 1 0.0021 1 0.0016a

Yes 0.93 (0.88, 
0.97)

‒ 0.93 (0.88, 
0.97)

‒

Smoker ​ 0.7694 ‒ ‒
No 1 ‒ ‒ ‒
Yes 0.99 (0.92, 

1.07)
0.7694 ‒ ‒

Use of at least one medication 
(Benzodiazepine, 
Antidepressants)

​ 0.5011 ‒ ‒

No 1 ‒ ‒ ‒
Yes 1.02 (0.96, 

1.10)
0.5011 ‒ ‒

Lack of balance ​ 0.1244 ‒ ‒
No 1 0.1244 ‒ ‒
Yes 0.94 (0.88, 

1.02)
‒ ‒ ‒

Vertigo ​ 0.0586 ‒ ‒
No 1 0.0586 ‒ ‒
Yes 0.94 (0.88, 

1.00)
‒ ‒ ‒

Tinnitus ​ 0.0029 ​ 0.0022a

No 1 0.0029 1 0.0022a

Yes 0.93 (0.88, 
0.98)

‒ 0.93 (0.88, 
0.97)

‒

Hearing loss degree ​ 0.0225 ​ 0.0448a

Normal or mild 1.07 (1.01, 
1.13)

0.0188 1.07 (1.00, 
1.12)

0.0353a

Moderate or moderately 
severe

1 ‒ 1 ‒

Severe or complete 1.07 (1.02, 
1.13)

0.0116 1.02 (0.95, 
1.09)

0.5983

Laterality ​ 0.0109 ​ 0.0493a

Unilateral 1.06 (1.01, 
1.11)

0.0109 1.06 (1.00, 
1.12)

0.0493a

Bilateral 1 ‒ 1 ‒
Hypoacusis time (years) 1.00 (1.00, 

1.00)
0.2827 1.00 (1.00, 

1.00)
0.7209

Hearing loss onset ​ 0.0953 ​ 0.6815
Progressive 1 ‒ 1 ‒
Sudden 1.05 (0.99, 

1.11)
0.0324 0.98 (0.92, 

1.06)
0.6815

Hearing loss type ​ 0.0657 ​ 0.1397
Mixed 1.05 (1.00, 

1.10)
0.0657 1.04 (0.99, 

1.10)
0.1397

Sensorineural 1 ‒ 1 ‒
a p < 0.05.
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Discussion

In this study, we evaluated general performance on the MMSE. We 
also analyzed an aspect that has not yet been explored in the literature: 
performance in each of the six cognitive subdomains that make up the 
MMSE, separately.

Several studies in the last few years have been clearly addressing the 
hearing loss/cognitive impairment association. However, the patho
physiological mechanisms involved in this association remain poorly 
explored. Cognitive domains affected by hearing loss, at higher or lower 
degree, are not yet established. Gates (1996) [15] and Räihä (2001) [25]
showed association between hearing loss and worse MMSE perfor
mance. However, these studies did not detail which characteristics 
inherent to hearing loss would be associated with a greater impact on 

the MMSE score.
MMSE was chosen for the cognitive assessment because it does not 

demand minimum schooling from tested individuals, and it has a vali
dated version for Brazilian Portuguese. Only 14.18% of participants 
(Table 1) declared to have their hearing limitation impairing their 
ability to answer to MMSE. Powell (2022) [12], Nichols et al. (2022) 
[16] and Bott (2019) [26] also showed such small impact on sensory 
impairment in the cognitive assessment.

In this study, individuals over 18 years old were assessed. There was 
vast majority of older adults (61% of participants were 60 years old or 
older), but the sample was not limited to this population, as most studies 
available in the literature. We found that age had no influence on gen
eral MMSE score, but it was related to lower averages of correct re
sponses in two cognitive domains: Attention/Calculation and Language.

Table 5 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% Confidence Intervals, for the number of correct responses in immediate 
memory (n = 134).

Average rate ‒ Immediate Memory

Variable Non- 
adjusted 
(95% CI)

p- 
value

Adjusted 
(95% CI)

p-value

Age 0.99 (0.9, 
1.00)

0.0275 ‒ ‒

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.1569 ‒ ‒

No 1 0.1569 ‒ ‒
Yes 0.96 (0.91, 

1.02)
‒ ‒ ‒

Smoker ​ 0.8698 ‒ ‒
No 1 ‒ ‒ ‒
Yes 1.01 (0.92, 

1.10)
0.8698 ‒ ‒

Use of at least one medication 
(Benzodiazepine, 
Antidepressants)

​ 0.2698 ‒ ‒

No 1 ‒ ‒ ‒
Yes 1.03 (0.98, 

1.09)
0.2698 ‒ ‒

Lack of balance ​ 0.5399 ‒ ‒
No 1 0.5399 ‒ ‒
Yes 0.98 (0.93, 

1.04)
‒ ‒ ‒

Vertigo ​ 0.5793 ‒ ‒
No 1 0.5793 ‒ ‒
Yes 0.98 (0.93, 

1.04)
‒ ‒ ‒

Tinnitus ​ 0.1513 ‒ ‒
No 1 0.1513 ‒ ‒
Yes 0.96 (0.92, 

1.01)
‒ ‒ ‒

Hearing loss degree ​ 0.0400 ​ 0.0482a

Normal or mild 1.06 (1.01, 
1.11)

0.0200 1.07 (1.01, 
1.13)

0.0138a

Moderate or slightly severe 1 ‒ 1 ‒
Severe or complete 1.02 (0.95, 

1.10)
0.5025 1.03 (0.97, 

1.10)
0.3415

Laterality ​ 0.5614 ​ 0.7374
Unilateral 1.02 (0.96, 

1.08)
0.5614 0.99 (0.95, 

1.04)
0.7374

Bilateral 1 ‒ 1 ‒
Hypoacusis time (years) 1.00 (1.00, 

1.00)
0.3075 1.00 (1.00, 

1.00)
0.5938

Hearing loss onset ​ 0.9814 ​ 0.9132
Progressive 1 ‒ 1 ‒
Sudden 1.00 (0.92, 

1.08)
0.9814 1.00 (0.93, 

1.07)
0.9132

Hearing loss type ​ 0.0002 ​ 0.0007
Mixed 1.07 (1.03, 

1.12)
0.0002 1.08 (1.03, 

1.13)
0.0007

Sensorineural 1 ‒ 1 ‒
a p < 0.05.

Table 6 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% Confidence Intervals, for the number of correct responses for attention and 
calculation (n = 134).

Average rate ‒ Attention and Calculation

Variable Non- 
adjusted 
(95% CI)

p-value Adjusted 
(95% CI)

p-value

Age 0.99 (0.98, 
1.00)

0.1125 0.99 (0.98, 
1.00)

0.0411a

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.3928 ​ ‒

No 1 ‒ ‒ ‒
Yes 0.88 (0.67, 

1.18)
0.3928 ‒ ‒

Smoker ​ 0.0806 ‒ ‒
No 1 ‒ ‒ ‒
Yes 0.69 (0.45, 

1.05)
0.0806 ‒ ‒

Use of at least one medication 
(benzodiazepines or 
antidepressants)

​ 0.2015 ‒ ‒

No 1 0.2015 ‒ ‒
Yes 0.73 (0.45, 

1.19)
‒ ‒ ‒

Lack of balance ​ 0.3155 ‒ ‒
No 1 0.3155 ‒ ‒
Yes 0.85 (0.63, 

1.16)
‒ ‒ ‒

Vertigo ​ 0.0221 ​ 0.0080a

No 1 0.0221 1 0.0080a

Yes 0.70 (0.51, 
0.95)

‒ 0.68 (0.51, 
0.90)

‒

Tinnitus ​ 0.0215a ‒ ‒
No 1 0.0215a ‒ ‒
Yes 0.73 (0.56, 

0.95)
‒ ‒ ‒

Hearing loss degree ​ 0.0082 ​ 0.7538
Normal or mild 1.26 (0.91, 

1.76)
0.1635 1.13 (0.82, 

1.57)
0.4522

Moderate or slightly severe 1 ‒ 1 ‒
Severe or complete 1.62 (1.19, 

2.20)
0.0021 1.15 (0.74, 

1.81)
0.8589

Laterality ​ 0.0119 ​ 0.0396a

Unilateral 1.47 (1.09, 
1.99)

0.0119 1.77 (1.03, 
3.04)

0.0396a

Bilateral 1 ‒ 1 ‒
Hypoacusis time (years) 1.00 (0.99, 

1.01)
0.9205 1.00 (0.99, 

1.01)
0.9372

Hearing loss onset ​ 0.3528 ​ 0.3126
Progressive 1 ‒ 1 ‒
Sudden 1.23 (0.79, 

1.90)
0.3528 0.79 (0.45, 

1.37)
0.3126

a p < 0.05.
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Overall MMSE performance

Among individuals complaining of imbalance, there was 43% higher 
changes of having general MMSE performance below normal based on 
schooling in comparison to those without it (PR 1.43 [1.07–1.92] 95% 
CI, p = 0.0167 – Table 2). This finding meets the association that has 
also been pointed out in the literature in the last few years between 
cognitive performance and balance disorders.

We also observed that chances of having overall MMSE performance 
below normal based on schooling was 53% higher in individuals who 
had sudden hearing loss onset than in those who had progressive onset 
of it (PR 1.53 [1.00–2.36] 95% CI, p = 0.0468 – Table 2).

There is little literature evaluating associations between sudden 
hearing loss and cognitive impairment. Tai (2021) assessed a retro
spective cohort and found close association between sudden hearing loss 

and increased risk of developing dementia [27]. It was not possible 
finding studies that had analyzed the association between sudden 
hearing loss and other forms of cognitive impairment, as well as studies 
that have specifically assessed the performance of sudden deafness 
carriers in the MMSE. It is important highlighting that datum about 
sudden deafness may have been influenced by its collection method: 
hearing loss onset type was classified based on self-reported 
information.

There was no significant association with any other variable linked 
to general MMSE performance below normal based on schooling. 
However, the literature points out the influence of other variables 
related to hearing loss. This influence was found in the present study just 
when each cognitive domain was analyzed in separate.

Table 7 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% Confidence Intervals, for the number of correct responses in evocation 
memory (n = 134).

Average rate ‒ Evocation Memory

Variable Non- 
adjusted 
(95% CI)

p- 
value

Adjusted 
(95% CI)

p-value

Age 0.99 (0.98, 
1.00)

0.0424 ‒ ‒

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.0670 ​ 0.0298a

No 1 ‒ 1 ‒
Yes 0.83 (0.67, 

1.01)
0.0670 1.26 (1.02, 

1.54)
0.0298a

Smoker ​ 0.8368 ‒ ‒
No 1 ‒ ‒ ‒
Yes 0.97 (0.73. 

1.29)
0.8368 ‒ ‒

Use of at least one medication 
(benzodiazepines or 
antidepressants)

​ 0.5771 ‒ ‒

No 1 0.5771 ‒ ‒
Yes 0.91 (0.65, 

1.27)
‒ ‒ ‒

Lack of balance ​ 0.1125 ‒ ‒
No 1 0.1125 ‒ ‒
Yes 0.83 (0.66, 

1.04)
‒ ‒ ‒

Vertigo ​ 0.1379 ‒ ‒
No 1 0.1379 ‒ ‒
Yes 0.85 (0.68, 

1.05)
‒ ‒ ‒

Tinnitus ​ 0.0205 ​ 0.0170a

No 1 0.0205 1 0.0170a

Yes 0.78 (0.63, 
0.96)

‒ 0.78 (0.64, 
0.96)

‒

Hearing loss degree ​ 0.3887 ​ 0.4033
Normal or Mild 1.15 (0.89, 

1.48)
0.2873 1.18 (0.92, 

1.52)
0.1853

Moderate or slightly severe 1 ‒ 1 ‒
Severe or complete 1.15 (0.91, 

1.45)
0.2415 1.01 (0.73, 

1.40)
0.9593

Laterality ​ 0.2338 ​ 0.0883
Unilateral 1.15 (0.91, 

1.46)
0.2338 1.38 (0.95, 

1.99)
0.0883

Bilateral 1 ‒ 1 ‒
Hearing loss onset ​ 0.2021 ​ 0.0101a

Progressive 1.16 (0.89, 
1.56)

0.3085 1.54 (1.11, 
2.15)

0.0101a

Sudden 1 ‒ 1 ‒
Hearing loss type ​ 0.2021 ​ 0.6852

Mixed 1.16 (0.92, 
1.45)

0.2021 1.05 (0.83, 
1.32)

0.6852

Sensorineural 1 ‒ 1 ‒
a p < 0.05.

Table 8 
Distribution of study variables according to the crude and adjusted average rate 
as per the Poisson regression model with robust variance and their respective 
95% Confidence Intervals, for the number of correct responses in language 
(n = 134).

Average rate ‒ Language

Variable Non- 
adjusted 
(95% CI)

p-value Adjusted 
(95% CI)

p-value

Age 0.99 (0.98, 
1.00)

<0.0001 0.99 (0.98, 
1.00)

<0.0001a

At least one comorbidity 
(SAH, DM or Dyslipidemia)

​ 0.0005a ​ ‒

No 1 ‒ ‒ ‒
Yes 0.90 (0.85, 

0.95)
0.0005a ‒ ‒

Smoker ​ 0.0418a ‒ ‒
No 1 0.0418a ‒ ‒
Yes 0.88 (0.78, 

1.00)
‒ ‒ ‒

Use of at least one 
medication 
(Benzodiazepine, 
Antidepressants)

​ 0.0154 ​ 0.0079a

No 1 ‒ 1 ‒
Yes 1.08 (1.01, 

1.14)
0.0154 1.10 (1.02, 

1.18)
0.0079a

Lack of balance ​ 0.9018 ‒ ‒
No 1 0.9018 ‒ ‒
Yes 1.00 (0.93, 

1.06)
‒ ‒ ‒

Vertigo ​ 0.0432a ‒ 0.0189a

No 1 0.0432a 1 0.0189a

Yes 0.93 (0.86, 
1.00)

‒ 0.92 (0.85, 
0.99)

‒

Tinnitus ​ 0.7431 ‒ ‒
No 1 0.7431 ‒ ‒
Yes 0.99 (0.91, 

1.06)
‒ ‒ ‒

Hearing loss degree ​ 0.0047 ​ 0.3002
Normal or mild 1.04 (0.94, 

1.15)
0.3952 1.01 (0.92, 

1.10)
0.8617

Moderate or moderately 
severe

1 ‒ 1 ‒

Severe or complete 1.12 (1.04, 
1.19)

0.0011 0.92 (0.86, 
0.99)

0.0223a

Laterality ​ <0.0001 ​ <0.0001a

Unilateral 1.15 (1.10, 
1.21)

<0.0001 1.14 (1.10, 
1.21)

<0.0001a

Bilateral 1 ‒ 1 ‒
Hearing loss onset ​ <0.0001 ​ 0.8641

Progressive 1 ‒ 1 ‒
Sudden 1.12 (1.07, 

1.19)
<0.0001 1.01 (0.93, 

1.09)
0.8641

Hearing loss type ​ 0.2807 ​ 0.7548
Mixed 1.04 (0.97, 

1.11)
0.2807 0.99 (0.93, 

1.05)
0.7548

Sensorineural 1 ‒ 1 ‒
a p < 0.05.
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Cognitive domains

In the current study, unilateral hearing loss accounted for higher 
rates of correct answers than bilateral loss in four different cognitive 
domains: spatial orientation, time orientation, attention and calculation, 
and language. The population-based Korean study published by Lee 
(2021) showed significant increase in hearing loss effect on the Korean 
population’s cognitive functions. Individuals with bilateral hearing loss 
had worse performance than those with unilateral loss [27]. Fritze 
(2016) carried out a prospective study and found that bilateral hearing 
loss was related to increase by 43% in the risk of developing dementia 
and that unilateral hearing loss was associated with 20% increase in this 
same risk [28]. Results in the current study did not evidence differences 
between unilateral and bilateral hearing loss carriers when it comes to 
higher risk of general MMSE performance below normal based on 
schooling. However, there were significant differences in the number of 
correct answers recorded for four of the six MMSE domains.

Mild hearing loss carriers accounted for higher rates of correct an
swers in comparison to moderate to moderately severe hearing loss 
carriers in two domains: spatial orientation and immediate memory. 
Regarding hearing loss degree, Tay (2006) pointed out that adult in
dividuals suffering with moderate to worst-degree hearing loss (tetra
tonal average in the best ear > 40 dB) presented mean general MMSE 
scoring slightly lower than individuals without it (28.1 × 28.7, 
p < 0.001) [29]. Therefore, this study did not show differences among 
moderate, severe, profound or complete hearing loss. Kopper (2009) 
identified that older adults with normal hearing or with mild hearing 
loss in the best ear had better MMSE performance than those with 
moderate or severe loss [30]. There was no record of profound or 
complete hearing loss. Lin (2011) has shown that relative risk (95% CI) 
for dementia incidence in comparison to normal hearing was 1.89 
(1.00–3.58) for mild degree hearing loss, 3.00 (1.43–6.30) for moderate 
loss and 4.94 (1.09–22.40) for severe hearing loss [31]. Jupiter (2012) 
assessed the MMSE performance of institutionalized older adults and 
found better performance among mild hearing loss carriers in compar
ison to those carrying moderate or severe loss [32]. However, the most 
severe hearing losses were pooled into a single group.

The present results have shown the best performance recorded for 
the group of participants suffering with mild hearing loss in the best ear 
in comparison to the group with moderate/moderately severe loss only 
in domains ‘spatial orientation’ (7% higher, p = 0.0353) and ‘immediate 
memory’ (7% higher, p = 0.0138). There was no significant difference 
between these groups in the other cognitive domains and in general 
MMSE scoring. Yet, there was no significant difference in comparison to 
the group with severe/profound/complete hearing loss. Assumingly, 
such a finding is related to the small number of individuals suffering 
with severe/profound/complete hearing loss in the present sample. 
These outcomes are similar to those published by Mattiazzi (2016), who 
also did not find significant differences in general MMSE scoring be
tween groups with different hearing loss degrees, although there was 
significant difference in this variable in cognitive domain ‘language’ 
[33].

Those carrying mixed hearing loss recorded higher rates of correct 
answers in comparison to the ones with sensorineural loss in the im
mediate memory cognitive domain. Assumingly, this finding can be 
associated with the auditory nature of this test: individuals have to hear 
three words in sequence, which are said by the appraiser, and they have 
to repeat these words right away. There was no significant difference in 
the other domains.

Individuals with progressive hearing loss onset recorded the highest 
rates of correct answers in the evocation memory domain in comparison 
to those who recorded sudden loss onset. Therefore, history of sudden 
hearing loss onset was associated with bigger changes of recording 
general MMSE performance below normal based on schooling and of 
lower scoring in this specific cognitive domain. As previously high
lighted, the literature lacks information about the sudden deafness/ 

cognitive impairment association.
Individuals without comorbidities recorded the highest rates of 

correct answers in comparison to those with at least one comorbidity in 
four cognitive domains: time orientation, spatial orientation, evocation 
memory and language. These findings meet the literature, because the 
assessed comorbidities (high blood pressure, diabetes mellitus or dysli
pidemia) are independent risk factors for cognitive impairment [2].

Regarding hearing loss associated symptoms, individuals without 
tinnitus complaint recorded higher rates of correct answers in compar
ison to those without it in three domains: spatial orientation, attention 
and calculation, and evocation memory. This outcome is relevant and 
seems to follow the literature on the likely interference of tinnitus with 
cognitive functions, such as attention and memory [34]. Individuals 
denying vertigo complaint recorded the highest rate of correct answers 
in cognitive domains “language” and “attention and calculation” in 
comparison to those complaining of it. This finding also seems to meet 
the association set in the literature between cognitive functions and 
balance disorders [35].

The present study has some methodological limitations because it is a 
cross-sectional observation study. There are also limitations regarding 
the collection of some data gathered from information in medical reports 
or from participants’ self-referenced information. Yet, it is important 
mentioning the small number of individuals with severe, profound or 
complete hearing loss in the sample, although this finding was expected, 
because the herein assessed sample comprised a population recom
mended for hearing-aid use ‒ therefore, moderate losses are more 
frequent in this group.

Despite the limitations, the present survey provided new and rele
vant data. Most studies available in the literature have used MMSE to 
assess the cognition of hearing loss carriers and only analyzed general 
scoring in the questionnaire. However, the current survey allowed 
assessing the impact of each cognitive domain, in separate. Besides, the 
herein adopted criteria to diagnose and classify hearing losses were 
objective, all patients were subjected to pure tone audiometry.

Besides audiometric data, it was possible assessing clinical data, such 
as comorbidities, tinnitus complaint and body balance changes, which 
are related to hearing loss and to its impact on cognition.

In-depth studies comprising a larger number of hearing loss carriers 
at different types and degrees of it must be carried out in order to find 
the hearing impairment features related to higher risk of developing 
cognitive impairment. This information will help better understanding 
the pathophysiology of the hearing loss/cognitive impairment associa
tion. It will also help establishing better prevention and treatment 
strategies and policies either for hearing loss or for cognitive impairment 
and dementia.

Conclusion

The present results have confirmed that differences in features 
inherent to hearing loss are associated with the negative impact of 
cognitive performance.

Complaints of lack of balance and sudden hearing loss onset 
appeared to be associated with higher risk of performance in the mini 
mental state exam below normal, based on individuals’ schooling.

Although bilateral sensorineural hearing loss of moderate to 
moderately severe degree, presence of tinnitus, vertigo and comorbid
ities were factors without significant impact on general MMSE perfor
mance, they were associated with worse scores in specific cognitive 
domains in the questionnaire. Bilateral hearing loss, tinnitus and vertigo 
complaints had relevant negative impact on the attention and calcula
tion domain, whereas sudden loss had quite relevant impact on the 
evocation memory domain in comparison to progressive hearing loss.
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