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Introduction

Presbycusis is a physiological process that leads 
to a gradual loss of hearing. Presbycusis is a progres-
sive, bilateral, permanent hearing impairment that 
occurs as a result of degenerative changes in the 
structures of the inner ear and/or auditory nerve [1]. 
According to the World Health Organization [2] 
presbycusis affects every third person over the age 
of 65, half of the adults over the age of 75, the major-

ity of adults over the age of 80, and almost all people 
over the age of 90. The latest report [3] estimates 
that globally more than 1.2 billion people live with 
some degree of hearing loss. The World Health Or-
ganization points out that if appropriate measures of 
prevention and care for hearing health are not taken 
by 2050, the number of people with hearing impair-
ment will double and more than 700 million will 
require some kind of hearing intervention.
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of which 29 (51.8%) were hearing aid users. Results. The score 
of cognitive function in the respondents was lower compared to 
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impairment, while the correlation was significant between the 
level of education, age, the length of hearing aid use, and the 
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cation, length of hearing aid use, and daily level of hearing aid 
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Sažetak
Uvod. Staračka nagluvost podrazumeva fiziološko povećanje 
praga sluha i jedan je od vodećih hroničnih zdravstvenih pro-
blema. Sve veći broj istraživanja pokazuje međusobnu poveza-
nost gubitka sluha u starosti i pada kognitivne funkcije. Mate-
rijal i metode. Korišćena je srpska verzija Montrealske proce-
ne kognicije, a studija je obuhvatila 56 ispitanika sa potvrđenom 
dijagnozom prezbiakuzije, od čega je 29 (51,8%) korisnika sluš-
nih aparata. Rezultati. Skor kognitivnog funkcionisanja ispi-
tanika bio je niži u odnosu na rezultate prethodnih istraživanja 
(srednja vrednost = 19,07; standradna devijacija = 5,03). Posto-
je značajne razlike između skora kognitivnog funkcionisanja 
osoba koje koriste amplifikaciju i osoba koje je ne koriste. Nema 
značajne korelacije sa polom i statusom zaposlenja, kao ni ste-
penom oštećenja sluha. Korelacija je značajna sa stepenom 
obrazovanja, starošću, dužinom korišćenja slušnog aparata, kao 
i brojem sati u danu u kom osoba koristi slušni aparat. Regre-
sionom analizom utvrđeno je da oko 88% varijanse zavisne 
promenljive objašnjavaju četiri varijable – starost, stepen obra-
zovanja, dužina korišćenja i dnevni nivo korišćenja slušnog 
aparata. Zaključak. Osobe sa prezbiakuzijom sa teritorije Au-
tonomne Pokrajne Vojvodine pokazale su prosečno niže posti-
gnuće na testu kognitivnih sposobnosti u odnosu na rezultate 
drugih istraživača. Rezultati su pokazali da dužina korišćenja 
slušnog aparata, ali i korišćenja slušnog aparata na dnevnom 
nivou, značajno utiču na kognitivne funkcije osoba sa prezbia-
kuzijom. 
Ključne reči: kognicija; presbiakuzija; kognitivna disfunkcija; 
osobe sa oštećenjem sluha; ankete i istraživanja; slušna pomagala
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The decline in cognitive function is another health 
challenge that globally affects the elderly population 
and includes a wide range of conditions, from mild 
impairment of cognitive function to severe dementia 
[4]. The increasing incidence of these conditions in 
adulthood and the devastating impact they may have on 
the quality of life of individuals, their families and soci-
ety, have made the prevention and treatment of cognitive 
function decline a public health priority [5]. The most 
common domains of cognitive functions affected by aging 
are the speed of information processing, memory, and 
attention. The number of people suffering from dementia 
has rapidly increased, and it is expected that the number 
will increase to 152 million by 2050 [5–7]. A growing 
number of studies show the connection between hearing 
loss in older people and various forms of decline in cogni-
tive function such as dementia, Alzheimer’s disease etc. 
[8, 9]. Hearing impairment causes a load at the level of 
cortical auditory processing and the available cognitive 
resources are diverted to auditory processing [4, 10]. 
Other theories suggest that hearing loss in old age leads 
to social isolation and then to a decline in cognitive func-
tions [11] or that the reason for the connection lies in the 
(common) cause of both conditions, i.e. that hearing loss 
is an early manifestation of cognitive pathology [12]. 
Thomson et al. [13] claim that the link between the decline 
in cognitive functions and hearing loss was confirmed in 
all analyzed studies, which supports the hypothesis that 
hearing loss is one of the risk factors for the decline in 
cognitive function.

Timely diagnosis of hearing impairment and audi-
tory rehabilitation of persons with presbycusis can re-
duce the impact of hearing impairment on cognitive 
deterioration, thus reducing healthcare costs, increasing 
the quality of life and facilitating daily functioning of 
these persons [14]. Timely diagnosis of hearing loss 
should insure adequate amplification, which implies the 
use of hearing aids (HAs) for minor hearing impairments 
or the use of cochlear implants for severe and profound 
hearing impairments [9]. The research aimed to deter-
mine the indicators of cognitive function decline in per-
sons with confirmed presbycusis in the territory of Vo-
jvodina. The research also examined the impact of 
hearing-aid amplification on the cognitive status of per-
sons with presbycusis.

Material and Methods

The research was conducted from March to July 
2022, in the territory of the Autonomous Province of 
Vojvodina, Republic of Serbia. The research sample 
included 56 persons with presbycusis, patients of the 
Clinic of Otorhinolaryngology and Head and Neck 
Surgery of the Clinical Center of Vojvodina. The ques-
tionnaire was anonymous. Out of the total number of 
respondents, there were 26 (46.4%) males and 30 
(53.6%) females, of which 29 (51.8%) used a HA. The 

average age was 73.41 years with a standard deviation 
(SD) of 8.07; 11 subjects (19.6%) had a moderately se-
vere hearing loss (56 – 70 decibels - dB), 29 subjects 
(51.8%) had severe (71 – 90 dB), and 16 subjects 
(28.6%) had a profound hearing loss (over 90 dB). The 
mean length of use of HA was 5.65 years (SD = 5.12). On 
average, the respondents used the HA 8.97 hours per day 
(SD = 3.96). There were more unemployed respondents 
(34; 60.7%). The approval of the Ethics Committee of the 
Clinical Center of Vojvodina (decision number 00-57) was 
obtained for conducting the research. For this research, the 
Serbian version of the Montreal Cognitive Assessment 
(MoCA) [15] was used. The consent to use this instrument 
was obtained by the author, and the research was con-
ducted by a certified researcher. The MoCA [16] is a test 
for rapid assessment of cognition, which includes seven 
domains in 11 tasks: visuospatial and executive function, 
naming, memory, attention, language, abstraction, delayed 
recall, and orientation. The MoCA is a 30-point scale, with 
a result of 26 or more points being considered good, and 
it takes about 10 minutes. 

The dependent variable was the cognitive status of 
persons with presbycusis, evaluated by the Serbian version 
of the MoCA test. This variable is numerical, discontinu-
ous and quantitative according to the way its value is ex-
pressed, and according to the possibility of being influ-
enced by other variables, it is defined as endogenous. In-
dependent variables were defined through two larger 
groups: variables related to sociodemographic factors and 
variables related to hearing impairment. Variables related 
to hearing impairment included the degree of hearing im-
pairment defined as a quantitative indicator of a person's 
hearing status, divided into three categories (moderately 
severe hearing impairment: 56 – 70 dB, severe hearing 
impairment: 71 – 90 dB, and profound hearing impair-
ment: over 90 dB). The length of hearing aid use was de-
fined as a quantitative, numerical, discontinuous indicator 
of experience in the use of auditory amplification, ex-
pressed in months. The third variable related to the length 
of hearing aid use during one day was defined as a quan-
titative, numerical, discontinuous indicator of actual hear-
ing aid use expressed through the number of hours dur-
ing the day. Variables related to sociodemographic 
factors included age, defined as a numerical, discon-
tinuous and quantitative indicator, the level of employ-
ment, defined as a qualitative indicator of the person's 
current working ability, consisting of two categories - 
employed and unemployed, and finally the level of 
education, as a quantitative indicator of the level of 
acquired education, divided into four categories (pri-
mary education, secondary school, high school, and 
university).

Data processing was performed using the Statistical 
Package for the Social Sciences version 20.0. Descrip-
tive statistics methods were frequencies, percentages, 
contingency coefficient, measures of central tendency 
and dispersion measures, as well as appropriate infer-
ential statistics methods (Student’s t-test, Pearson’s cor-
relation analysis, multiple linear regression analysis). 
Using the Kolmogorov-Smirnov test, we examined the 
normality of the distribution of scores and the results 
showed there is no statistically significant deviation (Z 

Abbreviations
HA – hearing aid
SD – standard deviation
MoCA – Montreal Cognitive Assessment



Matić I, et al. Cognitive Decline in Persons with Presybicusis18

= 0.095, p = .20). The internal consistency of the MoCA 
test was checked by calculating Cronbach's alpha coef-
ficient, the reliability at the level of the overall scale 
was high (α = 0.85).

Results

The analysis of results showed that the arithme-
tic mean was lower than the cut-off score deter-
mined by the authors (Table 1). Only eight respond-
ents (14.24%) scored 26 points or more.

Descriptive measures of the subjects' cognitive 
performance on the MoCA test, as well as the val-
ues of the Student's t-test were used to test the dif-
ference between the group of subjects who used HA 
and subjects who did not (Table 2).

More than one-third of the respondents (37.93%) 
who used HAs had good results (score ≥ 26), while in 

the group of persons who did not use HAs there were 
no respondents with good results. The t-test for inde-
pendent samples showed a statistically significant dif-
ference between the test groups in almost all domains, 
as well as in the total score. The mutual correlations 
of the predictor variables are shown in Table 3. 

Socio-demographic variables did not show a sig-
nificant correlation between the MoCA scores and gen-
der and employment status, while the correlation be-
tween the level of education was positive and signifi-
cant. The age of the subjects significantly and nega-
tively correlated with the MoCA scores, showing that 
young respondents had better cognitive functions com-
pared to the older subjects. A positive correlation was 
established between the length of HA use and the 
number of hours a day a person used a HA and the 
MoCA score, but there was no significant connection 
between the degree of hearing impairment, as expected.

Table 1. Descriptive values of cognitive function scores of persons with presbycusis (No. = 56)
Tabela 1. Deskriptivne vrednosti procene skora kognitivnog funkcionisanja osoba sa presbiakuzijom (Br. = 56) 

Cognitive function
Kognitivna funkcija (Max)

Min
Min

Max
Maks.

M
M

Mdn
Mdn

SD
SD

IQR
IQR

SEM
SEM

95% Confidence interval  
Interval poverenja 95%

Visuospatial, executive
Vizuoprostorne, egzekutivne f. (5) 1 5 3.59 4 1.35 2 0.18 3.23 - 3.95

Naming/Imenovanje (3) 2 3 2.88 3 0.33 0 0.05 2.79 - 2.96
Attention/Pažnja (6) 0 6 3.54 3.50 1.44 1 0.19 3.15 - 3.92
Language/Jezik (3) 0 3 1.45 1.50 0.93 1 0.12 1.20 - 1.70
Abstraction/Apstrakcija (2) 0 2 0.93 1 0.71 1 0.09 0.74 - 1.12
Delayed recall/Odgođeno prisećanje (5) 0 3 0.84 0 1.06 1 0.14 0.56 - 1.12
Orientation/Orijentacija (6) 3 6 5.82 6 0.60 0 0.08 5.66 - 5.98
Total score/Ukupan skor (30) 6 28 19.07 19 5.03 5 0.67 17.55 - 20.13
Legend: Min - minimum score; Max - maximum score; M - mean; Mdn - median; SD - standard deviation; IQR - interquartile range; 
SEM - standard error
Legenda: min – minimum rezultata; max – maksimum rezultata; M – aritmetička sredina; Mdn – medijana; SD – standardna 
devijacija; IQR – interkvartalni raspon; SEM – standardna greška

Table 2. Descriptive measures of cognitive achievement, differences between the group of subjects using HA and 
the group not using HA
Tabela 2. Deskriptivne mere kognitivnog postignuća ispitanika, razlike između grupe ispitanika koja koristi slušni aparat 
i koja ga ne koristi

Cognitive function
Kognitivna funkcija (Max)

Using HA/Koristi SA Not using HA/Ne koristi SA
Min
Min

Max
Maks.

M (SD)
M (SD)

Mdn
Mdn

Min
Min

Max
Maks.

M (SD)
M (SD)

Mdn
Mdn

t-test
t-test

Visuospatial, executive
Vizuoprostorne, egzekutivne f. (5) 2 5 4.07 (0.99) 4 1 5 3.07 (1.49) 3 -2.95**

Naming/Imenovanje (3) 2 3 2.93 (0.26) 3 2 3 2.81 (0.40) 3 -1.31
Attention/Pažnja (6) 2 6 4.24 (1.27) 4 0 5 2.78 (1.22) 3 -4.39**

Language/Jezik (3) 1 3 1.93 (0.75) 2 0 2 0.93 (0.83) 1 -4.75**

Abstraction/Apstrakcija (2) 0 2 1.00 (0.76) 1 0 2 0.85 (0.66) 1 -0.77
Delayed recall/Odgođeno prisećanje (5) 0 3 1.28 (1.25) 1 0 1 0.37 (0.49) 0 -3.51**
Orientation/Orijentacija (6) 6 6 6 (0) 6 3 6 5.63 (0.84) 6 -2.38*

Total score/Ukupan skor (30) 14 28 21.52(4.38) 21 6 23 16.44 (4.34) 17 -4.34**

Legend: HA - hearing aid; Min - minimum score; Max - maximum score; M - mean; Mdn - median; SD - standard deviation; 
Legenda: SA – slušni aparat; - min – minimum rezultata; max – maksimum rezultata; M – aritmetička sredina; Mdn – medijana; SD – 
standardna devijacija;* p ≤ .05; ** p ≤  .01 Perit officiu reicillanda et perest, corporepres essi volupta spelige nimpost, ent.
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Correlations from 0.3 to 0.7, as well as those 
close to the value of 0.3, justified the application of 
regression analysis [17]. The Bonferroni  adjustment 
was used to avoid errors. The alpha value was re-
duced in the four factor model and it was adjusted 
to 0.0125. Again, we gained significant correlations 
and a model was proposed to test the contributions 
of selected features for predicting the cognitive sta-
tus of persons with presbycusis.

The analysis of variance, which is a test of the null 
hypothesis, according to which the coefficient of de-
termination is equal to zero, gave a high F-coefficient 
(F = 104.83, p < .001), which showed that the regres-
sion analysis was justified and that we could expect 
an approximate F value in the future samples of the 
same size or larger samples with the same character-
istics [17]. Table 4 presents the linear regression coef-
ficients between the cognitive status of persons with 
presbycusis and the previously mentioned factors.

The results showed that the four factor model 
had an acceptable fit to the data and represented a 
statistically significant proportion of the variance 
(R2 = 0.88, p < .000), which means that about 88% 
of the variance of the dependent variable is ex-
plained by four variables - age, level of education, 
length of HA use, and the number of hours per day 
in which a person uses HA. 

Discussion

This research aimed to determine the indicators 
of cognitive function decline in persons with presby-

cusis. The results showed lower average MoCA scores 
in the subjects included in this study than in subjects 
from other studies that included people with presby-
cusis: in Italy (M = 21.8) [18], Canada (M = 24.4) [19] 
and China (M = 25) [20]. In the study by Urqueta et 
al. [21], over 50% of people with hearing loss had 
good MoCA scores. In a 2013 study [22], the authors 
concluded that people with hearing loss experience 
30% to 40% faster cognitive decline. On average, a 
person with hearing loss would need 7.7 years for a 
five-point decline on cognitive tests compared to 10.9 
years in people without hearing loss [22]. 

The analysis of the results of this study indicate 
significant differences in the cognitive function of 
persons who use amplification and persons who do 
not, which speaks in favor of the protective effect 
of amplification on the decline of cognitive func-
tions. The difference in the MoCA scores regarding 
the cognitive function between these two groups 
was five points in favour of persons using amplifi-
cation (M amp = 21.52; M non-amp = 16.44). Similar 
results were obtained by authors from Italy, whose 
subjects using amplification achieved a score of 
23.71 points compared to the non-amplified group 
who scored 19.89 points [18]. In our research, peo-
ple using amplification were significantly more suc-
cessful in most individual test domains (Visuospa-
tial and executive functions, Attention, Language, 
Delayed recall, Orientation), as well as in the total 
score, which is in line with the results of other re-
search [23, 24]. The greatest differences between 
the two groups of subjects were in the following 

Table 3. Intercorrelations of predictor variables of cognitive status
Tabela 3. Međusobne korelacije prediktorskih varijabli kognitivnog statusa

1. 2. 3. 4. 5. 6. 7. 8.
1. Gender/Pol 1
2. Employment status/Status zaposlenja -.02 1
3. Age/Starost .11 .49** 1
4. Education level/Stepen obrazovanja -.12 .03 .06 1
5. Degree of impairment/Stepen oštećenja .12 .20 .08 -.16 1
6. Length of HA use/Dužina korišćenja SA -.14 .16 -.07 .33* .42** 1
7. Use of HA per day/Korišćenje SA na dan -.17 -.02 -.25 .36 .74** .74** 1
8. MoCA score/MoCA skor -.12 -.23 -0.72** 0.40** -.05 .56** .70** 1
Legend: * p ≤  .05; ** p ≤  .01; HA - hearing aid; MoCA score - Montreal Cognitive Assessment
Legenda: * p ≤  .05; ** p ≤  .01; SA – slušni aparat; MoCA skor – skala Montrealska procena kognicije

Table 4. Characteristics of the total score indicators on the MoCA scale in a linear model
Tabela 4. Karakteristike indikatora ukupnog skora na skali Montrealska procena kognicije po linearnom modelu

B SE β T p/p
Constant/Konstanta -40,61 2.08 19.51 .000
Age/Starost -.36 0.03 -.65 13.20 .000
Education level/Stepen obrazovanja 1.29 0.25 .26 5.25 .000
Length of HA use/Dužina korišćenja SA .23 0.08 .21 2.99 .004
Use of HA per day/Korišćenje SA na dan .28 0.07 .29 3.94 .000
Legend: HA - hearing aid; MoCA score - Montreal Cognitive Assessment 
Legenda: SA – slušni aparat; MoCA skor – skala Montrealska procena kognicije
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domains: Language, Attention, as well as in the to-
tal score, while persons with amplification were 
more successful in the domains of Naming and Ab-
stract thinking, but the difference between the 
groups was not significant. Several tasks from the 
two domains of the MoCA test rely on listening, i.e. 
a correct answer first requires a correctly perceived 
stimulus. These tasks are from the domain of Lan-
guage and Attention, which could be the cause of 
the greatest differences between the two groups of 
respondents (amplified/non-amplified) precisely 
due to poor auditory perception and processing in 
the group of people who do not use amplification.

Correlation analyses show that there is no cor-
relation between hearing loss and the cognitive 
function score, which contradicts with some earlier 
research that concluded that hearing loss is associ-
ated with accelerated cognitive decline and incident 
cognitive impairment in older adults [22, 25]. Re-
sults also showed that there is a negative correlation 
between the cognitive function score and age, which 
also coincides with earlier research on this topic [22, 
25], that is, the older the person, the lower the cog-
nitive ability. The authors [25] claim that people 
with a higher degree of education willingly accept 
various aids, including a HA, and this fact could be 
the reason for better cognitive functions in people 
with higher degree of education.

The length of HA use showed a statistically sig-
nificant positive correlation with the cognitive func-
tion test score, which indicates that people who use 
HA for a greater number of years have higher cogni-
tive function scores. The correlation between cogni-
tive function test scores and the number of hours of 
HA use daily was also positive and statistically sig-
nificant, that is, people who use their HA for a long-
er time during the day have higher scores on the cog-
nitive function test. Through further regression 
analyses, it was established that about 88% of the 
variance of the dependent variable is explained by 
four variables - age, level of education, length of use 

of a HA, and the number of hours per day in which a 
person uses a HA. The results are in accordance with 
the research results of Brewster [26] who concluded 
that after 12 weeks of using amplification for a min-
imum of nine hours a day, a significant shift in hear-
ing function, reduction of depressive symptoms, and 
the cognitive function score was achieved in persons 
with presbycusis. Naylor G. et al. [27] concluded that 
the use of a hearing aid reduces the risk of dementia 
and that better cognitive function is associated with 
longer use of the device; they also emphasized the 
importance of the availability and use of hearing aids, 
regardless of  current cognitive status or age.

Conclusion

People with presbycusis from the territory of the 
Autonomous Province of Vojvodina showed a lower 
mean achievement on the cognitive ability test com-
pared to the results of other researchers which indi-
cates the need for better care of elderly people with 
presbycusis in the region of Vojvodina in order to 
prevent deterioration of their cognitive functions. The 
results of this research showed that the length of hear-
ing aid use, in terms of the listening experience with 
amplification and the use of a hearing aid daily, sig-
nificantly affects the preservation of the cognitive 
function of people with presbycusis. Age, level of 
education, length of use, and the number of hours a 
day in which a person uses a hearing aid showed a 
significant correlation with the cognitive function 
scores and it is recommended to establish more pre-
cise relationships between the mentioned factors on 
a larger sample of respondents through further re-
search. This research is particularly significant, con-
sidering that it is the first research dealing with this 
topic in the territory of Vojvodina, and it may be the 
first step towards a better understanding of the indi-
cators of cognitive function decline and understand-
ing the importance of timely diagnosis and amplifi-
cation in elderly people with impaired hearing.
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