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Purpose: The objective of this research was to determine if there is any correlation between the severity of neurocognitive disorder 
and hearing impairment in the elderly.
Patients and Methods: This is a population-based observational study that included subjects aged ≥ 65 years. They were evaluated 
for the existence of cardiovascular risk factors, diabetes, stroke, alcohol abuse, and smoking. Hearing impairment was diagnosed by an 
audiologist, using behavioral audiometric examination. These evaluations might have been performed in response to concerns about 
hearing loss, or they could have been a routine component of yearly comprehensive health screenings that included a Mini-Mental 
State Examination 2nd Edition (MMSE-2) test. According to the results of the MMSE-2 scale, we divided the individuals into two 
groups, Group I for those who had cognitive impairment and severe neurocognitive disorder, and Group II for those who did not have 
cognitive impairment.
Results: The study enrolled 203 patients with a mean age of 77 ± 7.5 years (range 65–98), 99 (48%) were males. When comparing the 
two groups, group I patients presented more often cardiovascular risk factors, stroke, diabetes, and impaired hearing. The univariable 
logistic regression found that cognitive impairment was significantly more frequent in the elderly with cardiovascular disease, diabetes, 
and stroke (p<0.0001). The multivariate regression analysis found that stroke (p<0.0001) diabetes (p=0.0008), cardiovascular disease 
(p=0.0004), and impaired hearing (p=0.0011) were significantly linked to cognitive impairment. The occurrence of hearing impairment 
in the elderly was related to having an MMSE-2 score of 14 or below.
Conclusion: According to the findings of this research, the elderly who have trouble hearing in addition to other conditions might 
have an increased risk for severe neurocognitive disorder.
Keywords: elderly, impaired hearing, cognitive impairment, MMSE-2, nursing home

Introduction
The sensation of isolation and loneliness can have deleterious impacts on both mental and physical health, since it has 
been scientifically linked to an increased risk of developing severe health problems.1 Individuals with mental health 
disorders, hearing and visual impairments, and chronic

Recently, hearing loss has been recognized as a risk factor for severe neurocognitive disorder. However, this area has 
not received significant attention in the management of patients at risk for severe neurocognitive disorder.2 Recent studies 
have shown that hearing loss is an independent risk factor for severe neurocognitive disorder, even in individuals who are 
cognitively intact.3–8 The population attributable fraction (PAF) of hearing loss for severe neurocognitive disorder has 
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been determined to be 23%, surpassing other individual modifiable risk factors such as diabetes, hypertension, smoking, 
depression, and social isolation.2 Age-related hearing loss (ARHL) is prevalent among the elderly, and it is often 
undertreated. Given its easy diagnosis and treatability, it is a promising target for preventive strategies for severe 
neurocognitive disorder. However, establishing a causal link between ARHL and severe neurocognitive disorder is 
crucial before making definitive recommendations involving ARHL as a threat for severe neurocognitive disorder.

Adult-onset hearing loss was often thought as a natural part of aging, but it is now understood to be a chronic 
condition with serious ramifications for people’s health. As well as increasing the patient’s risk of cognitive decline, 
depression, loneliness, and social isolation, impaired communication and attentiveness raise practical safety issues.9–13 In 
the last decade, research on the association between severe neurocognitive disorder and hearing loss has exploded, and 
hearing loss has been called the highest changeable risk factor for severe neurocognitive disorder.2,14 It’s important to 
recognize adult-onset hearing loss as a disease with serious consequences, particularly given the lack of information 
available to both healthcare providers and the general public.15 According to estimates, by 2050 almost 2.5 billion people 
around the world will experience some form of hearing loss. The prevalence of severe neurocognitive disorder in 
Romania, was estimated by the United Nation’s World Population to be 1.43 in 2018 and it estimates on future 
population projections an increase of prevalence of severe neurocognitive disorder up to 2.56% by 2050.16,17

As the biggest modifiable risk factor for severe neurocognitive disorder, hearing loss was identified by the Lancet 
Commission on the basis of just three research.5,8,17 There seems to be a correlation between the severity of hearing loss 
as determined by an automated testing device and an increased risk of severe neurocognitive disorder.4

The limited number of studies, in conjunction with a large variation in severe neurocognitive disorder and audio
metric evaluations that may be seen across research, highlights the need of collecting further prospective longterm 
epidemiologic data. In the present research, we investigated hearing loss and its possible link to the development of mild 
cognitive impairment and severe neurocognitive disorder.

Materials and Methods
This research, conducted in nursing homes for the elderly in Timisoara, Romania, is population-based, observational, and 
cross-sectional. The participants had to be ≥ 65 years old, and they were given official behavioral audiometric 
examinations by an audiologist. The exclusion criteria included individuals with documented histories of depression, 
stroke, prior alcohol or drug misuse, previous traumatic brain injury and related neurosurgical interventions, as well as 
any other medical condition (including significant visual impairments that have not been sufficiently corrected).18

Patients have been examined and enrolled in April 2023. A number of 203 people with ages ≥65 years were included 
in the research and met the study’s eligibility requirements since they were either cognitively unimpaired or had cognitive 
impairment. A neurologist, an otolaryngologist and a psychologist made up the expert panel that assessed cognitive state 
for each patient.

At inclusion, subjects’ age, gender, ethnicity, education level (12 vs >12 years), smoking habits, alcohol use history, 
and the presence of co-morbidities like diabetes, stroke, and cardiovascular disease (defined as coronary artery disease, 
atrial fibrillation, hypertension, and congestive heart failure) were all registered. Participants’ demographic and clinical 
characteristics were gathered either by an in-person medical interview conducted at the time of enrollment or 
a retrospective assessment of their medical records.

To the question “is the subject’s hearing functionally normal?”, hearing loss and hearing aid is indicated by a score of 
1, with normal hearing being 0. Clinician evaluations of these items were used to place people in either the “Normal 
Hearing” or “Impaired Hearing” groups.

At baseline of study all patients’ symptoms of depression were evaluated using the Geriatric Depression Scale 
(GDS).19 The GDS has 15 questions, all of which need a yes/no response, and scores range from 0 to 15. It has been 
established that a cutoff of ≥ 5 is fairly sensitive for the detection of severe depression.20

A thorough neuropsychological battery21 was administered after a history and physical examination, as well as 
evaluations of behavioral symptoms (Clinical Dementia Rating),22,23 Neuropsychiatric Inventory Questionnaire,24 and 
functional symptoms (Functional Assessment Questionnaire).25 A normal cognitive status, mild cognitive impairment, or 
severe neurocognitive disorder was assigned to each participant. The criteria established by the Alzheimer’s Disease 
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Centres Clinical Task Force26 were used to diagnose mild cognitive impairment and severe neurocognitive disorder. 
Severe neurocognitive disorder is typically identified when a person’s cognitive abilities decline in a way that impedes 
their ability to live independently. It’s important to note that a previous diagnosis of mild cognitive impairment does not 
necessarily indicate that the person will develop severe neurocognitive disorder.

Clinical interviews and physical examinations were used to detect hearing loss at enrollment. The 203 subjects who 
were tested formally using audiometers often had concerns about their hearing or were tested as part of their yearly 
checkup.

Regarding the behavioral audiometric testing the study followed reporting standards and calculated air-conduction 
and bone-conduction pure-tone averages (PTAs) at frequencies of 0.5, 1, 2, and 3 kilohertz (kHz), with a preference for 
masked frequencies.27 In cases where the frequency 3 kHz was not accessible, the alternative approach was to utilize the 
average of 2 kHz and 4 kHz.28 For analysis, the lowest air-conduction pure tone average (PTA) from both the left and 
right ear, as well as the corresponding bone-conduction PTA from each ear, were chosen. The results of the air- 
conduction pure-tone audiometry (PTA) were classified into different categories based on the level of hearing loss. 
These categories include normal hearing (≤25 dB HL), mild hearing loss (26–39 dB HL), moderate hearing loss (40–69 
dB HL), severe hearing loss (70–89 dB HL), and profound hearing loss (≥90 dB HL).29 The analysis focused on selecting 
the highest standard speech audiometry word recognition score (WRS) from both the left and right ear. This included 
Isophonemes,30 W-22,31 and NU-6.32 The audiometric tests were conducted without the use of hearing aids.

During the enrollment interview, the study partners (referred to as informants) were asked to assess any subjective 
hearing difficulties that may interfere with the participants’ daily activities. The informants were questioned about 
whether the participant experiences hearing difficulties that significantly impact their daily activities.

Based on how they did on the Mini-Mental State Examination 2nd Edition (MMSE-2), with utilized permission from 
Oana Mihaela Popescu in Romanian version, the patients with cognitive impairment were put into one of three 
categories: mild cognitive impairment (score of 21–23), moderate cognitive impairment (score of 10–20), or serious 
cognitive impairment (score ≤ 9).

The retrieval and analysis of data were preceded by permission from an institutional review board.
It was ensured that all participants gave their written informed consent before enrolling in the study. The research was 

carried out in compliance with the Helsinki Declaration’s guidelines and was authorized by the Ethics Committee of 
“Victor Babes” University of Medicine and Pharmacy Timisoara (nr.8/2023).

Statistical Analysis
The statistical analysis utilized version 20.211 of the MedCalc statistical software for Windows, developed by MedCalc 
Software Ltd in Ostend, Belgium. The software can be accessed at https://www.medcalc.org and the analysis was 
conducted in 2023. The study groups were compared using Chi-square tests for categorical data and Student’s t-tests for 
continuous variables. The covariates that were examined for their potential influence on severe neurocognitive disorder 
were chosen on the basis of previous studies and consisted in cardiovascular disease, diabetes, history of stroke, age, 
gender, history smoking, years of education, and diagnosed impaired hearing.1–11 Univariate and multivariate logistic 
regression models were utilized to evaluate the impact of each variable on the observed outcomes. Logistic regression 
models were used to assess the probability of an event happening. The odds ratio (OR) and its corresponding 95% 
confidence interval (CI) were analyzed to determine the likelihood of the event occurring. All variables associated with 
severe neurocognitive disorder in univariate analysis were subjected to a multivariate regression analysis with the 
backward stepwise method. The analyzed parameters’ sensitivity and specificity were computed using receiver- 
operating characteristic (ROC) curves. Area under the ROC curve (AUC) was used to calculate the discrimination 
ability of the analyzed parameters. Two-tailed p<0.05 was used as the statistical significance threshold.

Results
The study group included 203 patients with an average age of 77 ± 7.5 years (ranging from 65 to 98 years). Among these 
patients, 99 (48.7%) were male, 124 (61%) had more than 12 years of education, 16 (7.88%) had a Geriatric Depression 
Scale (GDS) score less than 5, 28 (13.7%) had cognitive impairment, and 122 (60%) had impaired hearing.
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The subjects were divided into two groups based on the presence (group A) or absence (group B) of severe 
neurocognitive disorder. The comparison of demographic and clinical characteristics of the elderly patients with and 
without severe neurocognitive disorder is presented in Table 1.

Upon comparing the two groups, it was observed that individuals with severe neurocognitive disorder exhibited 
a higher prevalence of comorbidities and a greater percentage of impaired hearing.

In the analysis using univariate logistic regression (Table 2), a strong association was found between the presence of 
severe neurocognitive disorder in the elderly and several factors. Specifically, the presence of cardiovascular disease 
(p<0.0001), history of stroke (p<0.0001), diabetes mellitus (p<0.0001), and impaired hearing (p=0.0015) were all notably 
associated with severe neurocognitive disorder.

In the investigation of prognostic factors for severe neurocognitive disorder, a multivariate analysis using logistic 
regression revealed a higher probability, with statistical significance, for several factors. These factors include cardiovascular 
disease (p=0.0004), diabetes mellitus (p=0.0008), stroke (p<0.0001), and impaired hearing (p=0.001), as shown in Table 2.

Upon analyzing the ROC curves, it was observed that the prevalence of impaired hearing rose when the MMSE-2 
score was equal to or less than 14, as shown in Figure 1. The sensitivity of this occurrence was determined to be 84.21% 

Table 1 Comparison of Demographic and Clinical Characteristics of the Elderly Patients

Parameters All 
Patients

Group A (with Severe 
Neurocognitive Disorder)

Group B (Without Severe 
Neurocognitive Disorder)

P value

n=203 n=28 n=175

Age, years (mean ± 1 standard 

deviation)

77 ± 7.5 80 ±7.54 76.1 ±7.53 0.0117

Male sex, n (%) 99 (49) 17 (60%) 82 (46.8%) 0.1955

Cardiovascular disease, n (%) 91 (45) 23 (82.1%) 70 (40%) < 0.0001

Stroke, n (%) 71 (35) 21 (75%) 50 (28.5%) < 0.0001

Diabetes, n=46 (22.66%) 46 (23) 16 (57.1%) 30 (17.1%) < 0.0001

History of alcohol abuse, n (%) 99 (49) 13 (46.4%) 86 (49.7%) 0.7463

Ever smoked, n (%) 97 (48) 13 (46.4%) 84 (48%) 0.8753

Years of education (>12) 124 (61) 17 (60.7%) 107 (61.1%) 0.9679

Impaired hearing, n (%) 122 (60) 24 (85.7%) 98 (56%) 0.0030

MMSE-2 score (mean ± 1 

standard deviation)

24.8±3.9 14.3 ±7.7 27.5±3.4 <0.0001

MMSE-2 score<10, n (%) 5 (2.4) 5 (17.8%) 0 (0) <0.0001

Abbreviation: MMSE-2, Mini Mental State Examination 2nd Edition.

Table 2 Predictors of Severe Cognitive Impairment

Parameter Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

Cardiovascular disease 6.9 (2.5 to 19) < 0.0001 9.64 (2.72 to 34.15) 0.0004

Diabetes 6.44 (2.76 to 15) <0.0001 6.38 (2.15 to 18.92) 0.0008

Stroke 7.5 (3 to 18.74) <0.0001 15.4 (4.15 to 57.08) <0.0001

Impaired hearing 4.71 (1.56 to 14.15) 0.0015 10.6 (2.57 to 43.59) 0.0011

Abbreviations: OR, Odds Ratio; CI, confidence interval.
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with a 95% CI ranging from 60.4% to 96.6%. Additionally, the specificity was found to be 55% with a 95% CI ranging 
from 21.2% to 86.3%. The area under the curve (AUC) is 0.728, indicating the overall performance of the model. The 
p-value is 0.0317, suggesting that there is a statistically significant association between the variables.

Discussion
This is the first study to evaluate the link between cognitive decline and impaired hearing in Romania. Its findings 
indicate a notable association between hearing impairment and increased rates of cognitive decline. The study found that 
individuals with hearing impairment had an 85% increased likelihood of developing cognitive impairment.

While the primary clinical criteria for diagnosing moderate cognitive impairment do include cognitive symptoms such 
as memory issues, it is possible for older individuals to inaccurately assess their own cognitive ability. A higher level of 
awareness index, indicating a larger difference between objective and subjective performance, was found to be associated 
with poorer performance in various neuropsychological tests. One particularly noteworthy finding among the statistically 
significant negative connections is the reduced awareness of overall cognitive abilities, which appears to be associated 
with lower scores on the MMSE-2.18

There has been a lot of work put into explaining the connection between sensory impairment and cognitive function 
in the elderly, but very little data on the nature of this connection has emerged. Several theories have been proposed in 
order to explain the connection between sensory impairment and cognitive performance. The “cognitive load on 
perception” hypothesis is the first one, and it states that cognitive decline may lead to apparent losses in sensory 
performance due to the fact that cognitive decline reduces the cognitive resources that are accessible for sensory 
perception.33,34 Speech recognition becomes more difficult for those who have a hearing impairment, which may lead 
to greater perceptual load and cognitive burden in comparison to people who have normal hearing function. According to 
Pichora-Fuller et al’s framework for understanding effortful listening (FUEL), listening effort also relies on the desire of 
the listener to expend their mental effort to remain listening in any scenario.35 In other words, listening effort depends on 
how much the listener wants to put in the effort to listen. The “sensory deprivation” theory is the second one, and it states 
that cognitive decline may be caused by sensory loss in later life. This is because cognitive deterioration reflects the 
impact of decreasing sensory stimulation.34–38 The “common cause” theory is the third one, and it suggests that the 
correlations between sensory functioning and cognitive capacity may develop as a result of age-related characteristics 

Figure 1 ROC curve analysis for impaired hearing as independent predictor of MMSE-2 score. 
Abbreviations: AUC, area under the curve; MMSE-2, Mini Mental State Examination 2nd Edition; ROC, receiver operating curve.
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that are common to both.34 Individuals who have sensory impairments may be at a disadvantage in their performance on 
psychometric tests as a direct consequence of problems in sensory perception.34,39 This is the fourth hypothesis. 
Individuals who have sensory impairments may be at a disadvantage in their performance on psychometric tests.

Analyzing and comprehending the patterns of cognitive decline and their connection to sensory impairment can 
provide valuable understanding of the progression of cognitive decline. This knowledge can help identify potential 
interventions that can optimize cognitive function and promote healthy longevity in older individuals.

Previous research on the relationship between sensory impairments and cognitive decline and severe neurocognitive 
disorder has been limited in both quantity and conclusive findings. A longitudinal study conducted by Deal et al 
investigated the link between cognitive function and hearing loss.40 The study included 253 individuals aged 45–64 
years at the beginning of the study and followed them for a period of 20 years. The findings of the study indicated that 
hearing damage was associated with a faster decline in cognitive abilities over the course of the study. In a study 
conducted by Dupuis et al, the impact of single and dual sensory impairment on cognitive function was investigated.41 

The researchers used the Montreal Cognitive Assessment (MoCA) to assess cognitive function. The findings revealed 
that individuals with normal hearing and visual functioning had a higher likelihood of passing the MoCA compared to 
those with sensory impairments. Hong et al conducted a study called the Blue Eye Mountain Study, which involved 3654 
participants. They found that there was no connection between sensory impairments (specifically visual, hearing, and 
dual impairments) and cognitive decline.42 In a study conducted by van Hooren et al, the researchers examined the 
influence of hearing aids on cognitive performance in older individuals with mild-to-moderate hearing impairment. The 
study included a group of 56 participants who were equipped with hearing aids, with a mean age of 72.5, and a control 
group of 46 individuals with hearing impairment but without hearing aids, with a mean age of 74.5. The results of the 
study indicated that there was no observed improvement in cognitive performance after a period of 12 months for either 
group.43 This finding supports the notion that hearing aids may not have a significant impact on cognitive abilities in 
older individuals with mild-to-moderate hearing impairment. The study found a strong link between sensory impairment 
and the risk of severe neurocognitive disorder, which is consistent with previous research and reviews.5,6,8,44,45 The 
Health, Ageing and Body Composition (Health ABC) study conducted by Deal et al discovered a significant association 
between moderate/severe audiometric hearing impairment and a 55% higher risk of incident severe neurocognitive 
disorder over a period of 9 years.44

Limitations
The study’s sample size is relatively small, which could potentially limit its ability to accurately detect significant effects 
due to insufficient statistical power. The findings may lack representativeness in relation to the wider population.

The sample is not randomly selected or does not accurately represent the larger population, the findings may lack 
generalizability beyond the participants involved in the study.

It may be difficult to demonstrate causality between independent (risk factors) and dependent (hearing aid usage in 
the progression of cognitive impairment) variables in the absence of a control group.

A research with such a limited time frame may not be capable to identify subtle or gradual changes over time.

Conclusion
According to the findings of this research, those who have trouble hearing in addition to other conditions may represent 
a clinical feature that is at increased risk for severe neurocognitive disorder. Hearing loss that is associated with aging as well as 
severe neurocognitive disorder are responsible for enormous costs to public health, including a significant amount of disability, 
morbidity, and death. It is possible that a deeper understanding of the mechanisms that link the disorders of later life could make 
it easier to identify and disseminate interventions (such as hearing rehabilitation and control of risk factors) that are capable of 
preserving brain health throughout the aging process and altering the clinical courses of individuals who are at risk.

Furthermore, in situations of diminished self-awareness, it is crucial to notify family members/caregivers and 
recommend that patients follow appropriate intervention programs that employ strategies to enhance self-awareness 
and enhance important capabilities.
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