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   ABSTRACT 

 
Background: Presbycusis incidence is 
thought to have a relationship with hereditary 
factors, metabolism, atherosclerosis, noise 
and lifestyle. The presbycusis classification 
consists of Sensory (outer hair-cell), neural 
(ganglion-cell), metabolic (strial atrophy), 
and conductive cochlea (stiffness of the basi-
lar membrane). Factors that influence pres-
bycusis include age, gender, genetics, hyper-
tension, gout, diabetes mellitus, hypercholes-
terolemia, noise exposure, and smoking. This 
study aims to determine the factors that influ-
ence presbycusis on the audiogram image at 
H. Adam Malik Hospital Medan. 
Subjects and Method: This study was an 
analytical study with a cross sectional design 
in elderly patients at the polyclinic. The study 
was conducted in November to December 
2019. The dependent variable was the inci-
dence of presbycusis. The independent vari-
ables were uric acid levels, blood sugar levels, 
smoking habits, hypercholesterolemia, and 
hypertension. Data were analyzed by using 
chi square test.  
Results: The prevalence of presbycusis in 
the 45-59 years age group was 39 people 
(54.2%) and the 60-74 years age group was 

33 people (45.8%). In this study, it shows that 
male respondents are more than female 
respondents, where the number of men is 58 
people (80.6%) and women are 14 people 
(19.4%). Based on presbycusis type, there 
were 33 (45.9%) people (normal), 18 (25%) 
people (strrial type), 7 (7.9%) people (neural 
type), 7 (7.9%) people (sensory type), 7 (7.9%) 
people (cochlear type). High sugar content 
(OR= 3.33; 95% CI= 1.81 to 6.13; p <0.001), 
uric acid levels (OR= 2.36; 95% CI= 1.19 to 
4.70; p= 0.005), total cholesterol levels (OR= 
3.33; 95% CI= 1.81 to 6.13; p <0.001), and 
smoking (OR= 1.90; 95% CI = 1.21 to 2.97; p= 
0.016) increased the risk of presbycusis. 
Conclusion: High sugar levels, uric acid 
levels, total cholesterol levels, and smoking 
habits increase the risk of presbycusis. 
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BACKGROUND 

Sensorineural hearing loss or presbycusis is 

often associated with age and is the most 

common cause of hearing loss in older 

people. Presbycusis consists of four types, 

namely: sensory type, neural, metabolic or 

stria, and cochlear conduction. Presbycusis 

is a decrease in hearing function in line 

with the aging process. The audiogram 

shows a bilateral and symmetrical picture 

of hearing loss that begins to occur at high 

notes and is sensorineural in nature with no 

underlying abnormalities other than the 
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aging/ degenerative process in general 

(Roland, 2014; Nuryadi et al., 2017). 

Presbycusis can occur due to degene-

rative changes in the inner ear resulting in 

decreased ventral nucleus ganglion cells of 

the ventral cohlea, medial geniculate, and 

complex superior olivary resulting in 

decreased cell function. In addition, there 

can also be an accumulation of metabolic 

products and a decrease in enzyme activity 

that plays a role in decreasing cell function 

(Lee et al., 2006; Suwento and Hendarmin, 

2007; Roland, 2014). Factors that influence 

the occurrence of presbycusis include age, 

gender, genetics, hypertension, diabetes 

mellitus, hypercholesterolemia, noise expo-

sure, and smoking (Kim et al., 2010). 

Presbycusis is one of the hearing dis-

orders that is of concern to the National 

Committee for Deafness and Hearing Loss 

Management (Komnas PGPKT). The aim of 

the program is to reduce the incidence of 

presbycusis by 90% by 2030 (Muyassaroh, 

2012; Kim et al., 2010). The increase in 

disease progression makes it more difficult 

for sufferers to determine the source of the 

sound (Suwento and Hendarmin, 2007; 

Roland, 2017). 

The prognosis in prebikusis patients 

is still poor, where presbycusis sufferers 

will experience progressive hearing loss, 

where the average hearing loss is around 

0.7-1.2 dB per year, depending on the 

patient's age (Lalwani, 2008). This study 

aims to determine the factors that influence 

presbycusis on the audiogram image. 

Therefore, based on this background, 

researchers are interested in doing this 

research due to the lack of data or research 

information about this presbycusis picture 

in the city of Medan or even in Indonesia. 

 

 

 

 

SUBJECTS AND METHOD 
1. Study Design  

This study was conducted with an analytical 

research study with a cross sectional study 

design. The aim is to analyze the factors 

affecting presbycusis patients based on the 

audiogram image. The study was conducted 

at the Geriatric Polyclinic at Haji Adam 

Malik Hospital Medan and was carried out 

in November 2019-December 2019. 

2. Population and Sample 

The study population was all patients seek-

ing treatment at the geriatric clinic of Haji 

Adam Malik Hospital Medan. Patients 

selected as samples were patients who met 

the inclusion and exclusion criteria. The 

sample size estimate is determined using 

the Lemeshow formula. The results of the 

calculation of the sample size above, 72 

patients are needed. 

The inclusion criteria in this study 

were: Age> 50 years and agreed to partici-

pate in the study by signing the informed 

consent. While the exclusion criteria in this 

study were: patients who were not coope-

rative and patients with incomplete data. 

3. Variables 

The variables studied in this study con-

sisted of independent variables (indepen-

dent variables), namely: uric acid levels, 

cholesterol levels, smoking habits, blood 

sugar levels (diabetes mellitus) and hyper-

tension and the dependent variable (depen-

dent variable), namely presbycusis. 

4. Operational Definition of Variables 

Diabetes mellitus (DM) is a heterogene-

ous metabolic disorder characterized by 

hyperglycemia (increased blood sugar 

levels). Data collection of blood sugar levels 

was measured using the Easytouch tool, 

with measurement results that are normal 

(<200 mg/ dl) and DM (≥200 mg / dl). The 

measurement scale is continuous, but for 

analysis purposes it is transformed into a 
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dichotomous, coded 0 for Normal and 1 for 

DM. 

Hypercholesterolemia is a condition 

with an increase in total blood cholesterol 

levels above normal limits. Data collection 

of total cholesterol levels was measured 

using the Easytouch tool, with the measure-

ment results being normal (<200 mg/ dl) 

and hypercholesterolemia (≥200 mg/ dl). 

The measurement scale is continuous, but 

for analysis purposes it is changed to 

dichotomous, coded 0 for Normal and 1 for 

hypercholesterolemia. 

Hyperuricemia is an increase in uric acid 

levels above normal limits. Data collection 

of uric acid levels was measured using the 

Easytouch tool, with the measurement 

results being normal measured by men <7 

mg/ dl and women <6.3 mg / dl. The scale 

of measurement was continuous, but for 

analysis purposes it was changed to 

dichotomous, coded 0 for Normal and 1 for 

hypouricemia. 

The smoking habit is in the form of the 

number of cigarettes that are smoked in 

one day. Data collection was carried out by 

means of a questionnaire. Measurement 

scales were categorized, coded 0 for no 

smoking and 1 for smoking. 

5. Instruments 

Otoscopy, namely otoscopicexamination, is 

to assess the condition of the ear canal and 

tympanic membrane. This examination 

uses an otoscope, when we insert the oto-

scope in the ear canal, we will inspect the 

tympanic membrane by assessing, light 

reflex, membrane integrity (intact, central 

perforation, marginal, tweaking), color 

(clear, gloomy, hyperemic), other abnorma-

lities. lateral to the tympanic membrane 

(bullae, polyps, cholesteatoma), abnormal-

lities in the medial tympanic membrane 

(fluid, bubbled water, hematoma, mass). 

Audiometry is a practical test to detect 

significant hearing loss. The tests required 

for audiometric screening must be clear, 

inexpensive and acceptable to sufferers 

(Gates & Mills, 2005). Audiometric exami-

nation consisted of air conduction (AC) and 

bone conduction (BC). To check the thres-

hold with air conduction (AC) can be done 

namely first by putting the headphones in 

accordance with the sides of the ears. The 

right is red, the left is blue, do sound recog-

nition to the patient by giving a frequency 

stimulus of 1000 Hz 30db. If there is no 

response, increase the amplitude until a 

stimulus response is obtained, the stimulus 

is given 1-2 seconds, the amplitude given 

depends on the patient's response to the 

previous stimulus. When the patient 

responds to the stimulus, the amplitude is 

decreased by 10dB. If the patient does not 

respond, then drop 5 dB, the stimulus is 

given respectively at a frequency of 1000 

Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz 

and 8000 Hz. Then a retest was carried out 

at a frequency of 1000 Hz followed by a fre-

quency of 500 Hz and 250 Hz, the hearing 

threshold was determined by the amplitude 

that the patient could detect at least 2 out of 

3 giving the stimulus If there are differ-

rences in results, the lowest threshold is 

taken. 

6. Data Analysis 

The data will be analyzed descriptively to 

see the frequency distribution of the vari-

ables to be presented. Then inferential ana-

lysis was conducted to analyze the relation-

ship of each independent variable to the 

dependent variable with the chi square test. 

7. Research Ethics 

The research was conducted in accordance 

with the ethical rules stipulated in the 

Helsinki declaration and obtained ethical 

clearance from the ethics committee of RS 

H Adam Malik Medan. 
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RESULTS 
This study was conducted from November 

2019 to December 2019. In that time frame, 

72 people were taken as samples in this 

study. All samples in this study were 

patients aged >50 years at the Geriatric 

Polyclinic of Haji Adam Malik Hospital, 

Medan. The characteristics of the research 

subject can be seen in Table 1. 

Table 1. Sample characteristics (categorical data) 

Characteristics Category Frequency Percentage 

Age  
45-59 years old 39 54.2.0% 
60-74 years old 33 45.8.0% 

Gender 
Male 58 80.6% 
Female 14 19.4% 

Presbycusis Type 

Normal 33 45.9% 
Strial type 18 25% 

Neural Type 7 9.7% 

 Sensory Type 7 9.7% 

 Neural Type 7 9.7% 

 
Table 1 shows the mean age of the 

subjects in the 45-59 years age group as 

many as 39 people (54.2%) and the 60-74 

years age group as many as 33 people 

(45.8%). In this study, it shows that male 

subjects are more than female subjects, 

where the number of males is 58 people 

(80.6%). Based on the type of presbycusis, 

there were at most 18 people (25%) of the 

strial type. 

Table 2. Determinants of Presbycusis (an analysis by Chi Square) 

Variable 

Presbycusis 

OR 

 

p No Yes 95%CI 

N % N %  

Blood Sugar Levels    

Normal (<200 mg/dl) 24 72.7 8 20.5 
3.33 

1.81 to 6.13 
<0.001 

DM (≥200mg/dl) 9 27.3 31 79.5 

Uric Acid Levels    

Normal 26 78.8 18 46.2 
2.36 

1.19 to 4.70 
0.005 

High 7 21.2 21 53.8 

Total Cholesterol Levels        

Normal (<200 mg/dl) 24 72.7 8 20.5 

3.33 

1.81 to 6.13 

<0.001 Hypercholesterolemia 

(≥200mg/dl) 

9 27.3 31 79.5 

Smoking Habit    

Not smoking 11 33.3 4 10.3 
1.90 

1.21 to 2.97 
0.016 

Smoking  22 66.7 35 89.7 

  

Table 2 shows that of the 39 subjects, 

it was found that 21 (79.5%) people had 

presbycusis with DM (OR = 3.33; 95% CI= 

1.81 to 6.13; p <0.001). There were 21 

(53.8%) people with high uric acid levels 

who suffered from presbycusis (OR= 2.36; 

95% CI= 1.19 to 4.69; p= 0.005) and 31 

(79.5%) people with total cholesterol levels 

above 200 mg/ dl ( OR= 3.33; 95% CI= 1.81 

to 6.128; p <0.001). 

 

DISCUSSION 
Presbycusis is a sensorineural hearing loss 

associated with age and is the most 
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common cause of hearing loss in the 

elderly. Presbycusis consists of four types, 

namely: sensory, neural, metabolic or stria 

types, and cochlear conduction (Nuryadi et 

al., 2017). The incidence of presbycusis in 

the world varies based on the social rank of 

the population. Western and underdevelop-

ed countries have a different picture of 

hearing loss (Busis, 2006; Roland, 2014; 

Cheslock and De Jesus, 2021). 

The sensory type shows epithelial 

atrophy accompanied by loss of hair cells 

and cortiary organ support cells. The hall-

mark of the sensory presbycusis type is a 

sudden decrease in hearing at high frequ-

encies (slooping). A typical feature of the 

sensory-type configuration is the noise-

induced hearing loss (NIHL) type, mostly in 

men with a history of noise. The neural type 

shows atrophy of nerve cells in the cohlea 

and central nervous pathways. On audio-

metry, there is a moderate hearing loss 

which is almost the same for all frequen-

cies. The metabolic type occurs atrophy of 

the vascular stria at the apex of the cohlea. 

On audiometry there is a decrease in hear-

ing with a flat image at all frequencies. The 

cohlear / mechanical conduction type is due 

to disturbance of mechanical movement in 

the basement membrane. The typical 

picture of an audiogram is descending and 

symmetrical (skiloop) (Muyassaroh, 2012; 

Cheslock and De Jesus, 2021). 

The results of the description of the 

characteristics of this study indicate that 

the age of the respondents in the 45-59 

years age group is 39 people (54.2%) and 

the 60-74 years age group is 33 people 

(45.8%) (Table 1). This is different in the 

study of Nuryadi et al (2017), where presby-

cusis was found to be most common in the 

60-70 year age group as many as 23 

patients (67.65%). In Mondelli and Lopes 

(2009) study, it was stated that presbycusis 

was experienced by a population aged 65-75 

years around 30-35% while in the popula-

tion aged more than 70 years around 40-

45%. This is different from the study in 

Qatar which found the highest prevalence 

of presbycusis in the middle age group, 

namely 50–59 years (Benner et al., 2008). 

According to Loeb et al. (2005), as we age 

cell damage due to oxidative stress incre-

ases and accumulates over the years which 

eventually causes the aging process. Reac-

tiveoxygen species (ROS) cause damage to 

mitochondrial mtDNA and cohlear tissue 

protein complexes resulting in hearing 

dysfunction. 

The results of the study for gender 

showed that men suffered more from 

presbycusis, where the number of men was 

58 people (80.6%) and women were 14 

people (19.4%) (Table 1). This is in 

accordance with the research of Nuryadi et 

al. (2017), which found a sample of 26 

patients (76.47%) presbycusis, mostly in 

the male gender. However, in other studies 

there were no differences in race and sex 

(Wright, 2006). Gene research by the 

Translational Genomics Research Institute 

(TGen) in Santa Clara, California, and the 

University of Antwerp, Belgium did not 

explain why men were more susceptible to 

presbycusis, but they found one of the most 

prominent genes (GRM7) that produces 

glutamate and can cause damage to hair 

cells in and outside the ear due to aging, 

causing hearing loss (Friederman, 2009). 

Men experienced more hearing loss at high 

frequencies and only slightly decreased at 

low frequencies when compared to women. 

According to research by Kim et al. (2010) 

in South Korea stated that there was a 

decrease in the degree of hearing in women 

by 2 kHz worse than men. The results of 

this study are consistent with the research 

of Cláudia Simônica de Sousa et al. (2009) 

in Brazil, 85.5% of patients with presby-

cusis were male and 14.5% female. Gender 
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differences in the high frequency hearing 

threshold, because men are generally 

exposed to noise in the workplace more 

often than women. Kim et al. (2010) stated 

that differences in the effect of sex on pres-

bycusis were not entirely due to changes in 

the cohlea. Women have smaller leaves and 

ear canals, which can cause a masking noise 

effect at low frequencies. 

In this study, there were 18 people 

(strial type), 7 people (neural type), 7 

people (sensory type), 7 people (cochlear 

type) (table 1). This is in accordance with 

the research of Nuryadi et al. (2017), where 

the most common type found in the male 

gender was the strial type in both ears, as 

many as 15 people on the right ear (57.69%) 

and 13 people on the left ear (50%), while 

the female The same results were obtained 

between the strial and cochlear conduction 

types, namely 4 people (50%) in the right 

ear and in the left ear, 5 people (62.5%) and 

cochlear conduction (37.5%) were also 

found. The prevalence of metabolic presby-

cusis or strial presbycusis was quite high, 

namely metabolic 34.6%, followed by other 

types, namely neural 30.7%, mechanical 

22.8%, sensory 11.9%. This is presumably 

because the vascular stria contains a lot of 

vascularity, in the histopathological study 

of aging mice, there is vascular involvement 

between age and hearing loss (Wright, 

2006; Gates & Mills, 2005; Melinda et al., 

2012). 

The relationship between the inci-

dence of presbycusis and an increase in 

blood sugar levels, and there was a signi-

ficant relationship between the incidence of 

presbycusis and blood sugar levels (p 

<0.001) (table 2) Diabetes Mellitus (DM) 

can cause microangiopathy of the cochlear 

organ, can occur atrophy and decrease hair. 

Neuropathy in the VIII nerve vasa nervo-

sum, ligaments and spiral ganglion is 

characterized by Schwann cell damage, 

myelin degeneration, and axon damage 

which results in decreased hearing (Frisina 

et al., 2006; Meneses-Barriviera et al., 

2018). The relationship between DM and 

the incidence of hearing loss is still under 

debate, although in theory there is a link 

between hyperglycemia and hearing loss 

(Kakarlapudi, 2003). Benner et al. (2008) 

stated that there was a significant relation-

ship between DM sufferers and hearing loss 

in the elderly, p= 0.034. With the incre-

asing incidence of DM patients, it is very 

likely that presbycusis sufferers are also 

increasing, especially neural types com-

pared to other types. Histologically, the 

neural type presbiacusis shows atrophy of 

spiral ganglion cells and cortiary organs, 

and in patients with diabetes mellitus 

(DM), glucose that is bound to proteins in 

the glycosylation process will form an 

advanced glicosilation end product (AGEP) 

which accumulates in the tissue and 

reduces wall elasticity. blood vessels (arte-

riosclerosis). The next process is that the 

walls of the blood vessels become thicker 

and the lumen narrows which is called 

microangiopathy. Microangiopathy in the 

cohlea will cause atrophy and reduced hair 

cells (Loeb, 2005; Maria & Fernanda, 2009; 

Dhingra & Deeksha, 2010). 

In this study there was a relationship 

between the incidence of presbycusis and 

uric acid levels, and there was a significant 

relationship between the incidence of pres-

bycusis and uric acid levels (p = 0.005) 

(Table 2). This is different from the study of 

ZhuWen-yan et al. (2009), said that uric 

acid has the potential to cause hearing loss. 

In the research of Sumule et al. (2016), it 

can be concluded that hyperuricemia can 

cause disruption of cochlear function which 

leads to hearing loss. In this study, it is still 

unclear how increased uric acid levels can 

cause hearing loss. Several theories have 

emerged. The most progressive theory is 
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the induction of oxidative stress and 

inflammation in the cochlea by urate 

crystals (Abdelkader et al., 2019). 

The incidence of presbycusis on total 

cholesterol levels, and there was a signi-

ficant relationship between total cholesterol 

levels and the incidence of presbycusis (p 

<0.001) (Table 2). Hypercholesterolemia 

can cause thickening and loss of elasticity of 

arteries which results in narrowing of the 

lumen, called microangiopathy. As a result 

of cochlear organ microangiopathy, there 

will be atrophy and reduced hair cells, 

which can cause hearing loss (Frisina et al., 

2006). The results of research by Melinda 

et al. (2012) found that hypercholestero-

lemia was not associated with presbycusis. 

This difference is probably because the 

amount of presbycusis with hypercholes-

terolemia does not differ much from the 

subjects who do not suffer from hyper-

cholesterolemia. 

The relationship between the inci-

dence of presbycusis and smoking habits, 

and there was a significant relationship 

between the incidence of presbycusis and 

smoking habits (p= 0.016) (Table 2). Ciga-

rettes contain nicotine and carbon mono-

xide which have an ischemic effect. As a 

result of ischemia there is a disruption of 

oxygen supply to the cortiary organs result-

ing in hearing loss. Other effects can occur 

blood vessel spasm, blood viscosity, and 

arteriosclerotic (Laviolette & Kooy, 2004). 

In the research of Melinda et al. (2012) 

found that smoking habits on presbycusis 

did not show any relationship, p = 0.274. In 

contrast to the research of Cruickshanks 

(1998), states that there is a relationship 

between smoking habits and hearing loss in 

the elderly. 

This study states that there is a 

significant relationship between increased 

blood sugar levels, uric acid levels, total 

cholesterol levels, and smoking habits with 

the incidence of presbycusis. 
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