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ABSTRACT
Background: Sensorineural hearing loss could occur in chronic kidney disease (CKD) patients 

undergoing hemodyalisis. In general, the frequency of hearing impairment in CKD is connected with 
age and gender, and with associated disorders such as hypertension and diabetes mellitus. Purpose: To 
find out the incidence of hearing loss (HL) in CKD patients with hypertension and diabetes mellitus who 
were undergoing hemodialysis, in Dr. Soetomo General Hospital. Method: This was an observational 
descriptive study. Subjects were all CKD patients who were undergoing hemodialysis from June until 
December 2019 in Dr. Soetomo General Hospital. Subjects were categorized demographically and the 
hearing impairment was examined with audiometric examination and otoacoutic emission test. Result: 
From 52 samples, there were 31 female and 21 male, with the ratio 1.5:1. The highest age group was 
in 31-40 years old, and the average was 47 years old. Hemodialysis CKD patients with hypertension 
were 46 subjects, 14 patients with normal hearing and 32 patients had hearing impairment: mild HL 25 
patients, moderate HL 5 patients and moderate-severe 2 patients. Hemodialysis CKD patients with DM 
type-2 were 12 subjects, 3 patients with normal hearing, and 9 patients had hearing impairment:  mild HL 
4 patients, moderate HL 4 patients, and moderate-severe HL 1 patient. Conclusion: In this study, female 
hemodyalisis patients were more than male, and the highest age group was between 31-40 years old. 
Hearing impairment in CKD subjects with hypertension were mostly mild HL, while in CKD subjects 
with DM type-2 were mostly mild and moderate HL.

Keywords: hearing impairment, hypertension, diabetes mellitus Type-2, chronic kidney disease, 
hemodialysis

ABSTRAK
Latar belakang: Tindakan hemodialysis yang dilakukan pada penderita penyakit ginjal kronis 

(PGK) dapat menyebabkan gangguan pendengaran tipe sensorineural. Perlu dikembangkan 
penatalaksanaan gangguan pendengaran terkait hemodialisis. PGK dan gangguan pendengaran secara 
umum berhubungan dengan usia dan jenis kelamin, serta penyakit yang   sering menyertai PGK seperti 
hipertensi dan diabetes mellitus. Tujuan: Mendapatkan  angka kejadian gangguan pendengaran pada 
penderita PGK yang menjalani hemodialisis, dengan disertai hipertensi dan diabetes mellitus (DM) 
di RSUD. Dr. Soetomo. Metode: Disain penelitian ini adalah deskriptif observasional dengan sampel 
semua penderita PGK yang dilakukan hemodialisis di RSUD Dr Soetomo yang memenuhi kriteria inklusi. 
Sampel yang diambil berdasarkan data demografi kemudian dilakukan pemeriksaan audiometri dan 
otoacoustic emission. Hasil: Didapati penderita PGK perempuan sebanyak 31 orang dan laki-laki 21 
orang, dengan  rasio 1,5:1. Kelompok usia terbanyak adalah 31-40 tahun, dan rerata usia penderita 
47 tahun. Pasien PGK yang dihemodialsis dengan disertai hipertensi ada 46 subjek, 14 orang tanpa 
gangguan pendengaran dan 32 orang mengalami gangguan pendengaran: derajat ringan 25 penderita, 
derajat sedang 5 penderita, dan derajat sedang-berat 2 penderita. Pasien PGK yang dihemodialisis 
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INTRODUCTION

There are three types of hearing 
impairment, which are conductive hearing 
loss, sensorineural hearing loss and mixed 
hearing loss. Sensorineural hearing loss 
(SNHL) is hearing impairment as the result 
of damage in the cochlea and the 8th cranial 
nerve.1 Sensorineural hearing impairment 
could happen in subjects who has chronic renal 
disease (CKD) and undergo hemodialysis 
(HD) treatment.2 Hearing impairment in 
CKD patient who gets HD could be on 
high frequency or low frequency.3 Gatland 
et al.4 reported that out of 66 chronic renal 
failure (CRF) patients with hemodialysis, 
the incidence of hearing loss was 41% in 
the low, 15% in the middle and 53% in high 
frequency range respectively. CKD patients 
who had undergone three times HD had 
a higher probability to acquire significant 
sensorineural hearing impairment.5

The contribution of hemodialysis to 
hearing disorder in CKD is still contradictory. 
The pathophysiology is still obscure, but there 
are some theories of similarity between the 
human cochlea and kidney in the structure, 
physiological, antigenic and pharmacological 
aspects.5,6 Moreover, the development of the 
cochlea and kidney was regulated by the 
same gene.5 CKD and hearing impairment 
has similar characteristic and risk factors, 
mainly hypertension and diabetes mellitus 
(DM). With such homogeneity, there is an 

dengan DM type-2 ada 12 orang: tanpa ganguan pendengaran 3 orang, gangguan pendengaran  derajat 
ringan 4 penderita, derajat sedang 4 penderita,dan derajat sedang-berat 1 penderita. Kesimpulan: 
Penderita PGK jenis kelamin perempuan lebih banyak daripada laki-laki. Kelompok usia terbanyak 
adalah 31-40 tahun. Sebagian besar pasien PGK dengan HD mengalami gangguan pendengaran 
derajat ringan. PGK yang disertai hipertensi terbanyak mengalami gangguan pendengaran derajat 
ringan, sedangkan yang disertai DM yaitu derajat ringan dan derajat sedang.

 
Kata kunci: gangguan pendengaran, hipertensi, diabetes mellitus tipe 2, penyakit ginjal kronis, 
hemodialisis
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assumption that similar impairment happens 
on the hearing apparatus and the kidney.7 

Many studies had reported that sensorineural 
type of hearing loss in CKD patients was 
concomitant with risk factors of hypertension 
and diabetes mellitus.8  

Saeed et al.9 reported a positive correlation 
between the duration of hemodialysis and the 
onset of hearing impairment. At the beginning 
of the study out of 45 subjects, 66.1% had 
SNHL and after 12 months follow up the 
prevalence rate became 76.3%.

The aim of this study was to find out the 
characteristic of hearing impairment in CKD 
patients with hypertension and DM who had 
to undergo hemodialysis treatment at Dr 
Soetomo General Hospital.

METHOD

This was a descriptive observational 
study with cross-sectional design. The 
subjects were chronic kidney disease patients 
who had to undergo hemodialysis treatment 
in Dr Soetomo General Hospital, Surabaya. 
The study was conducted from June until 
December 2019. The inclusion criteria were 
CKD patients 18-60 years of age, and willing 
to participate in the study by signing the 
informed consent. The exclusion criteria were 
CKD patients who had a history of ear disease 
or noise exposure.  The data collection was 
based on demographic characteristic. 
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All subjects went through anamnesis 
and routine ear, nose and throat examination, 
followed by audiometric and otoacoustic 
emission (OAE) tests.

This study had fulfilled ethical clearance 
from ethical committee of Dr. Soetomo 
General Hospital n0.1246/KEPK/VI/2019. 

RESULT

General characteristic

The ratio between female and male 
subjects were 1.5:1.

 

The youngest age of CKD with dialysis 
was 21 years of age and the oldest was 70 
years old. The highest number of subjects 
was between 31-40 years of age, with mean 
age of 47 years of age and standard deviation 
of 11.45.

Audiometry and otoacoustic emission 
examination

The audiometry examination results 
in this study was assessed based on pure 
tone threshold average (PTA) values, and 
the degree of hearing loss was determined 
according to ISO criteria. The hearing 
threshold based on the results of audiometry 
could be seen in table 3.

Table 3. Degrees of hearing threshold based on ISO 
criteria  

Hearing threshold n (%) Mean

Normal (0-25 dB) 15 (28.8%) 19

Mild (>25-40 dB) 29 (55.8%) 32.2

Moderate(>40-55 dB) 6 (11.5%) 48.9

Moderate severe(>55-70dB) 2 (3.8%) 63.1

Profound (>90dB) 0 0

Total 52 13.75

The result showed that 37 out of 52 
patients had hearing impairment (71%), and 
the highest number was mild HL.

 Tabel 4. OAE test result
Category n (%)

Pass 9 (17.3%)
Refer

Absent emission
36 (69.2%)
7 (13,5 %)

Total 52 (100%)

The result of OAE test revealed that most 
of the subjects were in refer category.  Seven 
subjects (13.3%) showed absent emission on 
OAE testing. 

Tabel 1. Gender distribution 
Gender n (%)

Male 21 (40,4%)
Female 31 (59,6%)
Total 52 (100%)

Tabel 2. Age distribution
Age group (years) n (%)

21-30 5 (9.6%)
31-40 21 (40.4%)
41-50 10 (19.2%)
51-60 13 (25%)
61-70 3 (5.8%)
Total 52 (100%)

Mean + SD 47.33 + 11,45

Table 5. Hearing impairment in hemodialyzed CKD patients with hypertension and diabetes mellitus type-2.
Category of
Hearing loss

Hypertension Diabetes Mellitus Type-2

         Yes          No      Total      Yes         No       Total
Normal 14 

(30.4%)
1 

(16.7%)
15 

(28.8%)
3 

(25%)
12 

(30%)
15 

(28.9%)
Mild	 25 

(54.3%)
4 

(66.7%)
29 

(55.8%)
4 

(33.3%)
25 

(62.5%)
29 

(55.8%)
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Table 5 showed that the highest number 
of hearing impairment in hemodialysis CKD 
patients with hypertension was in mild 
category as many as 25 subjects, and in CKD 
patients with DM were 2 subjects in mild 
category and 4 subjects in moderate category.

DISCUSSION

In this research we found the number of 
female subjects was more than male, with 
the ratio 1.5:1. This was not in accord with 
previous researches, which reported that 
the tendency of CKD patients underwent 
hemodialysis treatment was male more than 
female because of occupational factor which 
was heavier physically and mentally for males, 
and also the lifestyle factor such as smoking. 
A smoking person has 2.2 higher risks than the 
nonsmoker to be candidate of CKD. Besides, 
men are also more prone to hypertension 
than women, and chronic hypertension lead 
to severe glomeruli impairment and tubular 
atrophy which engender renal failure.10

The reason why the proportion of female 
subjects of our study were more than male, 
might be due to fact that female patients were 
more tolerant and willing to be involved in 
the examination procedure. In this study, 
the youngest patient was 21 years and   the 
oldest 70 years of age. The highest age 
group was 31-40 years old, consisted of 21 
patients (40.4%).  Age increase is associated 
with prognosis of a disease and also life 
expectancy. Life expectancy of CKD patient 
in hemodialysis treatment for the age > 60 
years old is 0.9%, which is very low.10

Jamaldeen et al.3 revealed that there 
was a high prevalence of SNHL in CKD 
patients. Hearing loss is more obvious in the 
elderly and patients who had received fewer 
hemodialysis sessions. Ulfa et al.6 found in 
their study, out of 26 subject on hemodialysis, 
8  had SNHL  consisted of 7  in low grade and 
1 moderate grade. 

Gatland et al.4 found hearing threshold 
change following hemodyalisis in 31 out of 66 
CKD patients. The incidence of hearing loss 
was 41% in the low, 15% in the middle and 
53% in high frequency ranges respectively. Of 
62 ears studied, 38% had a decrease in low 
frequency threshold after dialysis and 9% had 
an increase. Fluctuation in low frequencies 
with dialysis is common, and the possible 
mechanism included treatment induced 
change in fluid and electrolyte composition 
of endolymph. Their study showed that 
the low frequency hearing loss improved 
significantly after dialysis. On the basis that 
low tone SNHL is known to be a feature 
of endolymphatic hydrops and hydrops is 
influenced by fluid balance, it is possible that 
endolymphatic hydrops may be part of the 
pathologic process. Sharma et al.11 reported 

that out of 52 subjects, 44.73% of the ears 
had mild SNHL, while 42.11% of the ears had 
moderate SNHL. The study of Rolim et al.12 

about the impact of DM and systemic arterial 
hypertension on elderly patients’ hearing 
reported that the mean hearing threshold 
varied from 29.40 dBHL at 1000 Hz to 38.35 
dBHL at 8000 Hz. In this study, we found 
most of the CKD patients had mild SNHL as 
many as 29 subjects, with average hearing 
threshold 32.2 dB. 

Moderate	 5 
(10.9%)

1 
(16.7%)

6
 (11.6%)

4 
(33.3%)

2
 (5%)

6 
(11.5%)

Moderate- severe 2 
(4.3%)

0 
(0%)

2
 (3.8%)

1 
(8.3%)

1 
(2.5%)

2
 (3.8%)

Profound 0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

Total	 46 
(100%)

6 
(100%)

52 
(100%)

12 
(100%)

40 
(100%)

52 
(100%)
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In this study the result of distortion prod-
uct otoacoustic emission (DPOAE) examina-
tion in CKD patients was 36 as refer (69.2%) 
and 9 as pass (17.3%). DPOAE examination 
in hemodialysis CKD patients showed de-
creasing amplitudes.

El Anwar et al.13 found that transient-
evoked OAE testing showed absent emission 
in 20 ears, and those with preserved transient-
evoked OAE had significantly lower ampli-
tudes in all frequencies. Renda et al.14 revealed 
via DPOAE testing that SNHL was common 
in the non-dialysis CKD and hemodyalisis 
CKD patients. Cochlear activity was lower 
in the non-dialysis CKD and hemodialysis 
CKD regardless of hearing loss. The DPOAE 
testing could be used to monitor the dynamic 
changes in the cochlea.15,16 

Shared risk factors for hemodialysis in 
CKD and hearing loss included hypertension 
and DM type-2, and hypercholesterolemia. 
Those factors affects the inner ear blood flow 
which directly caused impairment of oxygen 
and nutrient transport to the cochlear cells and 
indirectly on auditory nerve degeneration.11,17  
Some researches stated that hearing loss, 
tinnitus, and dizziness have been associated 
with smoking, hypertension, DM, aging, 
health history, and leisure activities.8,18 

Chronic hypertension causes nephro-
sclerosis and the longer the hypertension the 
more severe glomerular injury and tubular 
atrophy that eventually leads to renal failure.10  

Our study found 25 patients of hemodialysis 
CKD patients with hypertension had mild 
HL (54.3%). In this study, according to the 
result of audiometry examinations there was 
no correlation between the levels of hearing 
loss with hypertension.  

Diabetes mellitus is a common systemic 
metabolic disease, associated with multiple 
macro- and microvascular complications, 
including thickening of the basal membrane 
of the stria vascularis capillaries on the lateral 
wall of the cochlea and other microvascular 

and neuropathic changes that could induce 
hearing loss.19 Horikawa et al.20 in their study 
found a significantly higher prevalence of 
hearing impairment in patients with diabetes 
compared with that in nondiabetic people. 
They also stated that DM was associated with 
the development of bilateral hearing loss. DM 
patients have a moderately increased risk of 
future hearing loss. 

In our study, the subjects with CKD 
and DM type-2 were 12 patients, 4 had 
mild SNHL and 4 moderate SNHL. Chronic 
ongoing DM lead to severe glomeruli 
impairment which marked by the decrease 
of GFR and increased creatinine level.10 Ulfa 

et al.6 found in their study that there was no 
correlation between hypertension and DM 
with the incidence of SNHL, but hemodialysis 
affect the occurrence of SNHL. Bainbridge 
at al.21 found that in pure tone audiometry 
examination there were a strong correlation 
between the decreased of hearing level with 
DM type-2 with microvascular complication. 
Dalton et al. quoted by Ulfa6 reported that 
subjects with DM were more likely to have 
a hearing impairment than subjects without 
diabetes (59% vs. 44%).

In our study, subjects of hemodialysis 
CKD patients were more female than male, 
and the highest age group number was 31-
40 years old. Most subjects of hemodialysis 
CKD had mild SNHL as many as 29 patients. 
Hearing impairment in hemodialysis CKD 
patients with hypertension were mostly mild 
SNHL, while in hemodialysis CKD patients 
with DM type-2 were mild and and moderate 
HL.
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