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1. Introduction 
Diabetes mellitus (DM) is a syndrome of chronic hyperglycaemia due to relative insulin deficiency, resistance or both

1
. DM is a 

systemic disease with accompanying pathology affecting multiple organ systems
1, 2, 3

. The number of people living with Diabetes 

Mellitus is increasing due to population growth, and increasing risk factors (aging, urbanization, obesity and physical inactivity). With 

this, DM will be a leading cause of morbidity and mortality for the foreseeable future
1,4

. There is also a rising prevalence of diabetes 

mellitus among middle and low-income countries and over 80% of the morbidity and mortality of diabetes mellitus occurs in low and 

middle-income countries
4
. It has been observed that patients with DM have a higher likelihood of developing hearing loss than the 

general population
6 - 13

. This is likely due to the microvascular complications of DM 
9, 12, 13

. Microvascular involvement has been 

demonstrated in the endolymphatic sac and basilar membrane in diabetics
12,14,15

. Atrophy of the spiral ganglion and demyelination of 

the eight-cranial nerve among autopsied diabetic patients suggest a neurological aetiology
15, 16

. 

Type 2 diabetes mellitus is the predominant form of diabetes worldwide, accounting for 90% of cases globally
17

. It usually occurs in 

adults, but can be seen in children, particularly obese Adolescents
2,17,18

. With the alarming increase in prevalence of Type 2 Diabetes 

Mellitus, it has become one of the World’s most important public health problems
17

. 
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Abstract: 

BACKGROUND: It has been observed that diabetics have higher hearing threshold when compared with non – diabetics. This is 

likely due to microvascular changes in the ear. 

AIMS/OBJECTIVES: The aim of this study is to determine the pure tone audiometric profile of Type 2 diabetes mellitus patients 

and to compare it with non – diabetic controls. 

METHOD: This was a cross sectional study. The pure tone thresholds of consenting Type 2 diabetic patients and non – diabetic 

controls attending Endocrinology and General outpatient clinics of Usmanu Danfodiyo University Teaching Hospital was 

measured for both ears after administering a pretested questionnaire and examining the patients. 

DATA ANALYSIS: The pure tone average was calculated. Data analysis was done using Statistical Package for Social Sciences 

version 21 (IBM - SPSS Inc., Chicago, IL). 

RESULTS: This study involved 170 consenting type 2 diabetic individuals and 170 consenting non-diabetic age and sex matched 

controls. Mean age of type 2 diabetics was 46.49±10.02 years, and 45.39±9.60 years for controls. Among the type 2 diabetic 

group, 57.6% were females, while 42.4% were males. Hearing loss was observed among 71.8% of type 2 diabetics and 7.1% of 

controls. Mean hearing thresholds (AC) among the study group was 32.06±12.31dB, and 16.72±7.71dB among the controls 

(p<0.0001). Mean hearing thresholds were found to be elevated across all tested frequencies in type 2 diabetics, and the 

difference with the control group was found to be significant for all frequencies (p<0.0001). Among the type 2 diabetics with 

hearing loss, 95% had sensorineural hearing loss, 71% being mild hearing loss. 

CONCLUSION: Type 2 diabetes mellitus was found to be related to hearing loss in this study. This study showed a crude 

prevalence of hearing loss among Type 2 diabetics of 71.8% and 7.1% among Non - diabetic controls.  
 

Keywords: Diabetes mellitus, pure tone Audiometry, hearing loss, Usmanu Danfodiyo university teaching hospital. 
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Individuals with Type 2 DM have been shown to have higher hearing thresholds than their non-diabetic counterparts
9 – 11, 19

. The 

typical hearing impairment described in diabetics is a bilateral sensorineural hearing loss; however, some studies describe diabetes as 

a possible cause of unilateral sudden hearing loss
19

. Type 2 Diabetes Mellitus and deafness are major public issues that affect the 

quality of life of many Nigerians
10

. Ologe et al reported a more likelihood of hearing loss among middle aged Nigerians with Type 2 

Diabetes Mellitus than their non-diabetic counterparts
10

. A similar study by Isa et al in Maiduguri, North-Eastern Nigeria, showed a 

female preponderance, with the age group 40 to 49 years mostly affected
9
. Isa et al described mild to moderate sensorineural hearing 

loss with progressively high frequency losses
9
. 

Hearing thresholds are higher in diabetics at every frequency when compared with non-diabetics and symmetric sensorineural hearing 

loss has been observed among them, particularly with higher frequency
20 - 22

. Diabetes Mellitus patients 60 years and younger tend to 

have more hearing loss than non-diabetic controls, and this difference is greatest at 10 and 12.5KHz which are not tested on routine 

clinical audiometry
7, 23

. The finding of hearing loss at higher frequency is also observed in age related hearing loss which may be due 

to loss of cells at the basal turn of the cochlea and loss of cochlea neurons
24

. Changes similar to this have been found in diabetic 

animal models
25

. Clinically higher frequency loss is important because it often indicates a future progression from higher to lower 

frequencies where speech understanding is affected. Some authors however found that the greatest deficit of hearing in diabetics was 

at low frequencies
26

. This study intends to assess the hearing threshold among type 2 diabetics and compare it with non-diabetic 

controls. 

 

2. Methodology 

 

2.1. Study Population 

This was a cross sectional study conducted among 170 type 2 diabetics attending the endocrinology clinic of Usmanu Danfodiyo 

University Teaching Hospital Sokoto, and 170 age and sex matched controls attending the General Outpatient Clinic of Usmanu 

Danfodiyo University Teaching Hospital, Sokoto from October 2015 to May, 2016. Ethical approval was obtained from the ethics and 

research committee of Usmanu Danfodiyo University Teaching Hospital, Sokoto. Informed consent was obtained from the 

participants before they were recruited for the study. Participants were randomly selected. For the study group, the inclusion criterion 

was; Physician diagnosed type 2 DM patients attending the Endocrinology clinic of the Usmanu Danfodiyo University Teaching 

Hospital, Sokoto. Patients with; history of ear surgery performed in the past, history of exposure to loud sounds, history of ear disease 

and history of head injury were excluded from the study group. For the control group, the inclusion criterion was; non-diabetic adults 

matched for age and sex evidenced by normal fasting or random blood sugar values attending the General Outpatient Clinic of 

Usmanu Danfodiyo University Teaching Hospital Sokoto. Patients with; history of ear surgery performed in the past, history of 

exposure to loud sounds, history of ear disease, history of head injury and patients having DM evidenced by abnormal fasting or 

random blood sugar values as stated above were excluded from the control group. 

 

2.2. Diabetes and Demographic Variables 

Interviewer administered semi-structured questionnaire was used and information on details of bio data, medical history and lifestyle 

were obtained. General physical examination was done including blood pressure, weight and height measurements. Patients had 

examination of the ear, nose and throat done. Fasting or Random blood sugar was done for participants. Venous blood was taken from 

the forearm after cleaning with methylated spirit.  

 

2.3. Pure Tone Audiometry 

Pure tone thresholds were measured using the Modified Hughson – Westlake method at 250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz, 

6000Hz and 8000Hz for air conduction and 500Hz, 1000Hz, 2000Hz and 4000Hz for bone conduction using a Diagnostic Audiometer 

(Oscilla SM 960 – D, Diagnostic memory audiometer, Denmark) in a sound isolated room, which satisfied the criteria of ISO 8253-1. 

Average of audiometric hearing threshold at 500, 1000, 2000 and 4000 Hz for both air and bone conduction was determined, this was 

taken to be the Pure tone average for both air and bone conduction. This was categorized in accordance to the WHO grades of hearing 

impairment as follows: normal hearing (< 25dB), mild hearing loss (26 – 40dB), moderate hearing loss (41 – 60dB), severe hearing 

loss (61 – 80dB), profound hearing loss (81dB or greater). 

 

2.4. Statistical Analysis 

Data analysis was done using Statistical Product and Service Solutions version 21 (IBM - SPSS Inc., Chicago, IL). Chi – square test 

was used to determine the relationship between categorical variables and T – test was used to determine the relationship between 

quantitative variables. Frequency distribution and cross tabulations were also done to examine the relationship between variables. 

Regression analysis was done to test for association between variables. Data was presented using tables, charts and graphs. Level of 

significance was set at p < 0.05. 

 

3. Results 

 

3.1. Demographics 

A total of 340 participants completed the study, out of which, 170 were Type 2 diabetics and 170 were non – diabetic controls. 
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The mean age of Type 2 diabetes mellitus participants was 46.49±10.02 years, with ages ranging from 33 to 87 years. Among non – 

diabetics, mean age was 45.39±9.60 years, with ages ranging from 31 to 84 years (see table 1). The most frequently observed age 

group among study and control groups was 40 – 49 years. 

Females accounted for 57.6% of the Type 2 diabetes mellitus patients, while 42.4% of them were males. Among the non – diabetic 

control group, 58.2% were females, while 41.8% were males. The Male: Female ratio in both groups was 1:1.4. The differences in age 

and sex between the two groups were not statistically significant (see table 1). 

 

  Non Diabetics Type 2 diabetics 

Age (Years) Mean (± SD) 45.39±9.60 46.49±10.02 

Median 44.00 45.50 

Independent t test p= 0.305, t= 1.028, df= 338 

Sex Females 99 (58.2%) 98 (57.6%) 

Males 71 (41.8%) 72 (42.4%) 

Chi-square �
2
= 0.012, p=0.913 

Table 1: Demographic profile of participants 

* Significant 

 

3.2. Hearing Threshold among Participants 

The mean pure tone average of air conduction (average of hearing thresholds at 500, 1000, 2000 and 4000Hz) among non – diabetic 

controls was 16.72±7.71 dB HL, while the mean pure tone average among Type 2 diabetes mellitus participants was 32.06±12.31dB 

HL. This was found to be statistically significant (see table 2). 

 

Status Number of Participants Mean pure tone average (dB HL) ± SD Test statistic 

(Independent t test) 

Non diabetic controls 170 16.72 ± 7.71 t= 13.765 

p<0.001
* 

df = 338 
Type 2 diabetics 170 32.06 ± 12.31 

Table 2: Mean pure tone average (air conduction) among participants 

* Significant 

 

Prevalence of Hearing loss among Type 2 diabetics was 71.8%, and 7.1% among non – diabetic controls, this was found to be 

statistically significant (p < 0.0001). Among the Type 2 diabetics 21 (12.4%) had self-reported hearing loss, while none of the non – 

diabetics had self reported hearing loss. 

Eighty-seven (51.2%) of Type 2 diabetics had mild hearing loss, 18.8% had moderate hearing loss (see table 3). Among type 2 

diabetics with hearing loss, 71.3% of them had mild hearing loss, while 26.23% had moderate hearing loss. 

 

Degree of hearing loss Non-diabetic controls 

Number (percentage) 

Type 2 diabetics 

Number (Percentage) 

Test statistic 

(Chi-square) 

Normal 158 (92.9%) 48 (28.2%) �
2
= 149.332 

P< 0.0001
* 

df= 3 
Mild 10 (5.9%) 87 (51.2%) 

Moderate 2 (1.2%) 32 (18.8%) 

Severe Nil 3 (1.8%) 

Profound Nil Nil 

Table 3: Degree of Hearing Loss of participants (Based on WHO criteria) 

*Significant 

 

Elevated mean air conduction thresholds (above 25dB HL) in the better ear in Type 2 diabetics across all frequencies tested was 

observed with mean air conduction thresholds below 25dB HL in the better ear across all frequencies tested in the non – diabetic 

control group (see figure 1). 
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Figure 1: Mean air conduction thresholds across all tested frequencies in the better ear among participants. 

 

Elevated mean bone conduction thresholds (above 25dB HL) in the better ear in Type 2 diabetics across all frequencies tested with 

mean bone conduction thresholds below 25dB HL in the better ear across all frequencies tested in the non – diabetic control group was 

observed (see figure 2). 

 

 
Figure 2: Mean bone conduction thresholds across frequencies tested by bone conduction in the better ear among participants. 

 

3.3. Type of Hearing loss among Participants 

Among the Type 2 diabetics, 68.2% had sensorineural hearing loss, 2.4% had conductive hearing loss, 1.2% had mixed hearing loss, 

while 28.2% had normal hearing threshold (see table 4). 

Among the subset of type two diabetics with hearing loss, 95% had sensorineural hearing loss. 

 

Type of hearing loss Non diabetic controls 

Number (Percentage) 

Type 2 diabetics 

Number (Percentage) 

Test statistic 

(Chi-square) 

Sensorineural 12 (7.1%) 116 (68.2%) �
2
=147.231 

P< 0.0001
* 

df = 2 
Conductive Nil 4 (2.4%) 

Mixed Nil 2 (1.2%) 

Normal 158 (92.9%) 48 (28.2%) 

Table 4: Type of hearing loss among participants 

*Significant 

 

The fasting blood sugar of Type 2 diabetic patients in this study was positively associated with increase in hearing thresholds (p = 

0.009). For every 1mmol/l increase in the value of fasting blood sugar, the pure tone average is expected to increase by 0.82dB (see 

table 5). 

Type 2 

diabetics, 42.12

Non diabetic, 21.18

0

10

20

30

40

50

60

70

80

90

100

110

120

250Hz 500Hz 1000Hz 2000Hz 4000Hz 6000Hz 8000Hz

d
B

 H
L

Non 

diabetics, 16.03

Type 2 

diabetics, 30.5

0

10

20

30

40

50

60

70

80

90

100

110

120

500Hz 1000Hz 2000Hz 4000Hz

d
B

 H
L



www.ijird.com                                                March, 2017                                                Vol 6 Issue 3 

  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 188 

 

Variable Coefficient of regression T Significance 

Constant 25.67 10.452 < 0.001 

Fasting blood sugar 0.82 2.641 0.009 

Table 5: Association between fasting blood sugar and pure tone average (AC) among Type 2 diabetics 

R square = 0.40, n = 170 

 

The mean fasting blood sugar among Type 2 diabetes mellitus patients in this study was 7.42±3.0mmol/l. The fasting blood sugar 

values ranged from 3.0 – 20.0mmol/l. 

 

4. Discussion 

The findings on age distribution in this study agrees with studies conducted by Bamanie et al and Isa et al. Isa et al, in North-eastern 

Nigeria among 127 diabetics and age and sex matched controls found a mean age of 47.8±11.6 years among diabetics, ages ranging 

from 20 – 73 years, with the age group 40 – 49 years as the age group most frequently seen among diabetics
9
. Bamanie et al working 

on hearing among Type 2 diabetics in Saudi Arabia also had similar results (mean age of 47.9 years) among Type 2 diabetics, Ren et 

al had lower mean age among diabetics (40±6 years)
31,32

. The findings on sex distribution among participants agrees with studies 

conducted by Lasisi et al and Isa et al. Lasisi et al had a Male: Female ratio of 1:1.4, while in the study conducted by Isa et al, 60.6% 

of the study participants were females, while 39.4% were males
6,9

. This may be due to the poor health seeking behaviour observed in 

men, as some men don’t see the need to keep hospital appointments let alone participate in a study
33

. 

 

4.1. Prevalence of Hearing Loss 

The findings on prevalence of hearing loss among participants agree with studies conducted by Rajendran et al, and Isa et al. 

Rajendran et al, observed a prevalence of hearing loss among Type 2 diabetics of 73.3% against 6.7% prevalence in the control 

group
19

. Isa et al also observed that 21.2% of the diabetic population in their study had normal hearing, while 78.8% had hearing loss. 

Their study, however, included both Type 1 and Type 2 diabetes mellitus participants, though 82.9% of the diabetic population in that 

study were Type 2 diabetics. A review of patients with diabetes by Kakarlapudi et al observed a prevalence of sensorineural hearing 

loss among diabetics of 13.1% against 10.3% in non-diabetic controls
8
. This study does not agree with the findings by Kakarlapudi et 

al. The study by Kakarlapudi was a retrospective review of electronic records of patients who had a diagnosis of both sensorineural 

hearing loss and diabetes, and as such only patients with self-reported hearing impairment were likely to have had their hearing 

thresholds measured. Diabetic patients with mild degree of hearing loss that do not notice their hearing deficit and hence do not self 

report will have been missed out in their study giving rise to the relatively low prevalence as compared to other studies. 

Mitchell et al, working with data obtained from a population based longitudinal study (the Blue mountains hearing study) of age 

related hearing loss among 210 Type 2 diabetics, found a prevalence of hearing loss among Type 2 diabetics of 50% compared with a 

prevalence of 38.2% among non-diabetic controls. They reported an independent association between Type 2 diabetes mellitus and 

hearing loss after adjusting for multiple risk factors including, age, male gender and cigarette smoking
34

. This study however found a 

higher prevalence (71.8%) of hearing loss among Type 2 diabetics and a lower prevalence (7.1%) among the control group when 

compared with the study conducted by Mitchell et al. The relatively lower prevalence of hearing loss in the control group of this study 

when compared to that of Mitchell et al might be because of the relatively younger participants in this study. The study by Mitchell et 

al was conducted among elderly diabetics and age matched controls, so it is not surprising that the prevalence of hearing loss among 

the controls was 38.2%. This could be due to age related hearing loss in the control group.  

 

4.2. Degree of Hearing Loss 

The mean pure tone average (AC) among Type 2 diabetics in this study was 32.06±12.31dB, and 16.72±7.71dB among the control 

group. This agrees with the study conducted by Ologe et al, who assessed the hearing thresholds of 56 Type 2 diabetics, and 52 

controls in a tertiary health centre in North – central Nigeria. They observed higher mean hearing threshold values across all 

frequencies in Type 2 diabetics and the difference between the study and control groups was statistically significant (p<0.001). The 

study by Ologe et al was conducted among Africans and they observed that hearing loss was seen at least a decade earlier among their 

study participants than that observed in other studies involving non Africans
10,34

. 

While some studies have demonstrated high frequency hearing loss among diabetics, others have demonstrated low frequency hearing 

loss among them
26,32

. High frequency hearing loss among diabetics is comparable to age related hearing loss, which also affects higher 

frequencies, both conditions are due to loss of cells in the basal turn of the cochlea
23

. This study however demonstrated elevated 

hearing thresholds across all frequencies tested, with higher hearing thresholds at higher frequencies. 

Ren et al, in Shandong, China compared the hearing thresholds of 50 Type 2 diabetics and 50 controls. They observed deficits at 

higher frequencies with elevated thresholds at 4000Hz and 8000Hz, when compared to controls (p<0.01)
32

.Rajendran et al in India 

also compared 60 Type 2 diabetics and controls and observed abnormal hearing thresholds from 2000Hz which increased with 

increase in frequency. Mean thresholds in their study was maximum at 8000Hz
19

. This is in contrast to the findings in this study that 

showed elevated hearing thresholds across all frequencies tested, but like the study conducted by Rajendran et al, this study also 

demonstrated maximum mean hearing threshold at 8000Hz. 
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4.3. Type of Hearing Loss 

In this study, out of the 122 Type 2 diabetics with hearing loss, 116 (95%) of them had sensorineural hearing loss, 4 (3%) had 

conductive hearing loss, and 2 (2%) had mixed hearing loss.  

This is in contrast to findings by Adebola et al and Lasisi et al. Adebola et al observed that sensorineural hearing loss accounted for 

61.9% of cases, Conductive hearing loss 14.3%, and mixed hearing loss 23.9% of cases
35

. Out of the 240 diabetics assessed by Lasisi 

et al, 132 (55%) had sensorineural hearing loss, 44 (14%) had mixed hearing loss, 30 (12.5%) had conductive hearing loss while 

34(14%) had normal hearing
6
. Other authors however excluded patients with conductive hearing loss from their study

10,19,31, 32,34
. This 

may be because the most frequent finding in diabetics with hearing loss is bilateral sensorineural hearing loss
26

. 

 

5. Conclusion 

Type 2 diabetes mellitus was found to be related to hearing loss in this study. This study showed a crude prevalence of hearing loss 

among Type 2 diabetics of 71.8% and 7.1% among Non - diabetic controls. Mean hearing thresholds were elevated across all 

frequencies tested among Type 2 diabetics who mostly had mild sensorineural hearing loss. Routine audiologic evaluation of type 2 

diabetics is important to detect hearing impairment at an early stage. 
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