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ABSTRACT

Objectives: Studying the prevalence of sensorineural hearing loss in patients with diabetes mellitus (DM) and to find the relationship between the 
severity of Sensorineural hearing loss (SNHL) with microvascular complications according to age, sexual predominance, duration of disease, and 
glycemic control (HbA1C) in diabetic patients.

Methods: The study population comprised 101 type2 DM (T2DM) patients as cases, and 101 non-diabetics as controls from the P.G. Department of 
Medicine, SCB Medical College, Cuttack, from July 2022 to January 2023, and were included in the study after considering the inclusion and exclusion 
criteria.

Results: Among 68 diabetic patients with SNHL, most had a mild degree of 30.7%, followed by a moderate degree of 27.7%, severe and profound being 
6.9% and 2%, respectively. Overall, the prevalence of SNHL is 67.3% among cases compared to 21.8% among controls (p<0.001). The proportion of 
SNHL among diabetes patients with a duration of diabetes of more than 10years is the highest. The table shows that the proportion of SNHL among 
diabetes patients with HbA1C between 9.1 and 11 is highest (p=0.025). In our study, as the age of the cases advances, the prevalence of SNHL increases 
(p=0.013).

Conclusion: SNHL is common in T2DM, with a high association with microvascular complications such as diabetic peripheral neuropathy, nephropathy, 
and retinopathy. As the duration of diabetes and the level of HbA1C progress, the prevalence of hearing loss is found to worsen. Routine audiological 
evaluation may be carried out to help in the early diagnosis of SNHL.
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INTRODUCTION

Diabetes mellitus (DM) is a syndrome of several etiologies characterized 
by chronic hyperglycemia with the instability of carbohydrate, fat, and 
protein metabolism ensuing from defects in insulin secretion, insulin 
action, or both; often associated with long-term complications, involving 
organs such as eyes, kidneys, nerves, heart, and blood vessels [1]. As per 
data from the International Diabetes Federation in 2021, an estimated 
10.5% of all adults in the age group of 20–79years are living with diabetes, 
which is predicted to rise to 12.2% of all adults in the same age group by 
2045. Thus, the number of people with diabetes is estimated to increase 
by 46% over this period [2,3]. Diabetes is one of the most frequent non-
communicable diseases; it affects nearly all systems of the body.

Acute complications include hypo- and hyperglycemic emergencies, 
whereas chronic complications include microvascular disease 
(retinopathy, nephropathy, and neuropathy), macrovascular disease 
(coronary artery disease, cerebrovascular disease, and peripheral 
vascular disease), and diabetic foot. Nonvascular complications include 
infections, skin changes, hearing loss, an increased risk of dementia, 
and impaired cognitive function [4].

A frequent complication in T2DM is deafness. Hearing loss in diabetes is 
bilateral, gradually progressive, and sensorineural; it mostly affects the 
higher frequency and elderly patients. SNHL in diabetes is attributable 
to the thickening of the basal membrane of the stria vascularis 
capillaries of the cochlea (on the lateral wall), and microvascular and 
neuropathic changes [5].

Diabetic retinopathy (DR) is a microvascular complication of diabetes 
and one of the important causes of vision impairment in India. 
Vision impairment from DR is due to diabetic macular edema and 
non-proliferative DR, and proliferative DR. DR is a highly specific 
microvascular complication of diabetes and is characterized by abnormal 
retinal vascular permeability, microaneurysm formation, capillary and 
arteriolar closure, neovascularization, and associated hemorrhage, 
scarring, and tractional retinal distortion and detachment [6,7].

Diabetic neuropathy is one of the most common complications that 
involves both peripheral and autonomic nerves, affecting up to half of 
all diabetic patients. Hyperglycemia-induced polyol pathways, injury 
from Advanced Glycation End Products (AGEs), and enhanced oxidative 
stress have been implicated in its pathogenesis. Peripheral neuropathy 
in diabetes presents in a number of forms depending on the site, 
manifesting as sensory, focal/multifocal, and autonomic neuropathies. 
Diabetic neuropathy has resulted in over 80% of amputations after 
foot ulceration or injury. It is among the most common, expensive, and 
disabling complications of diabetes, affecting approximately 30% of 
hospitalized patients with diabetes and 25% of patients with diabetes 
in the community [8-10].

Earlier identified as diabetic nephropathy, diabetic kidney disease 
is defined as diabetes with albuminuria (ratio of urine albumin-to-
creatinine ≥30 mg/g), impaired glomerular filtration rate <60, or 
both and is now acknowledged as the strongest predictor of mortality 
in patients with diabetes [11]. It is a leading cause of End stage 
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renal disease (ESRD) affecting ∼20–30% of diabetes patients and is 
associated with increased Cardiovascular (CV) mortality [11]. It affects 
10–40% of type  2 DM (T2DM) patients who eventually suffer from 
kidney failure [11,12].

In India, approximately 63 million people suffer from auditory 
impairment. Approximately 77 million people are suffering from 
diabetes. Hence, our research question was “Is there any correlation 
between SNHL and T2DM?”

The present study is aimed at studying the prevalence of sensorineural 
hearing loss in patients with T2DM and at finding the relationship 
between the severity of SNHL and microvascular complications and 
glycemic status in patients with T2DM.

Aims of the study
1.	 To study the prevalence of sensory neural hearing loss among T2DM 

hospitalized patients.
2.	 To correlate the degree of sensorineural hearing loss and 

microvascular complication according to age, sexual predominance, 
duration of disease, and glycemic control (HbA1C).

3.	 To assess the association between microvascular complications and 
sensory neural hearing loss among diabetics.

METHODS

Ethical clearance was obtained from the Institutional Ethical Committee 
(IEC-1060/June 02, 2022) before the commencement of the study. The 
sampling procedure adopted in this single-centered cross-sectional 
study was convenience sampling. The study population comprised 101 
T2DM patients as cases, and 101 nondiabetics as controls from the P.G. 
Department of Medicine, SCB Medical College, Cuttack, from July 2022 
to January 2023, and were included in the study after considering the 
inclusion and exclusion criteria, and were thoroughly evaluated after 
obtaining informed consent. Diabetes patients between the ages of 
18 year and 60 year (Criteria for diagnosis OF T2DM as per ADA) and 
control from the hospital with no diabetes between the ages 18 year 
and 60 year with fasting plasma glucose <126 or HbA1C <6.4% were 
included in the study. Patients with a history of childhood, or congenital 
hearing loss, history of hypothyroidism, history of chronic exposure 
to noise, history of trauma to the ear, ear discharge and perforated 
tympanic membrane, history of ototoxic drug in past, history of any 
sedative or substance abuse, recent ear/nose/throat infection, history of 
stroke, traumatic brain injury were excluded. After obtaining informed 
consent from all patients, detailed anthropometric and clinical exams 
were done and recorded. Fasting blood sugar (FBS), 2 h Post prandial 

blood sugar (PPBS), HbA1C, Complete blood count (CBC), lipid profile, 
serum urea, serum creatinine, serum sodium, serum potassium, thyroid 
function test, and pure tone audiometry were done among both diabetic 
cases and controls. Urine UACR, funduscopy, and nerve conduction 
study were done only among diabetic cases. These selected cases and 
controls were assessed for having sensorineural hearing loss, and only 
cases were assessed for neuropathy, nephropathy, and retinopathy. The 
degree of hearing loss is graded based on the degree of decibel (dB) loss 
as per the World Health Organization [13].

Statistical analysis
The data obtained were coded and entered into a Microsoft Excel 
worksheet. All statistical analysis was done using Statistical Package 
for The Social Sciences Software version V21. All nominal data were 
described as N, %. All continuous data will be described as mean±standard 
deviation. Proportions for categorical variables are compared using the 
Chi-square test. Proportions for continuous variables are compared using 
the Mann–Whitney U-test. For all tests, p≤0.05* is considered statistically 
significant, and p≤0.001** is considered statistically extremely significant.

RESULTS

The study included 202 subjects comprising 101 type  2 diabetes 
patients and 101 non-diabetic controls. The majority of cases were in 
the age group of 31–50 years (61.4%), followed by the age group of 50-
60  years (32.7%); also, controls were almost equally divided among 
different age groups, similar to cases. The p=0.133, which shows the age 
of cases has been matched with the age of controls. An equal number 
of males (54–53.5%) and females (47–46.5%) were taken as cases and 
controls with p=1 (Chi-square test), showing that the gender of cases 
and controls has been matched.

Unsurprisingly, T2DM subjects had higher mean fasting glucose 
(183.86±42.31 mg/dL vs. 88.98±8.26 mg/dL, p<0.001**), higher mean 
2-h PPBS (270.50±66.16 mg/dL vs. 126.03±14.56 mg/dL, p<0.001**), 
and higher mean HbA1c (8.93±2.0 vs. 5.22±0.46 p<0.001**) compared 
to normoglycemic control subjects (Mann–Whitney U-test).

Sixty-eight out of 101 diabetic patients had hearing loss, and the rest 
33 were normal. Among 68 diabetic patients who had SNHL, most 
had a mild degree of 30.7% followed by a moderate degree of 27.7%, 
severe and profound being 6.9% and 2%, respectively. In comparison, 
22 out of 101 non-diabetic controls had SNHL. Overall, prevalence of 
SNHL is 67.3% among cases in comparison to 21.8% among control. As 
p<0.001, this is statistically extremely significant (Table 1).

Table 1: Comparisons of the prevalence of SNHL among cases and controls

Hearing loss degree Cases (%) Control (%) p‑value
Normal (0–25 dB) 33 (32.7) 79 (78.2) Chi‑square=42.404

p≤0.001**Mild (26–40 dB) 31 (30.7) 68 (67.3) 16 (15.8) 22 (21.8)
Moderate (41–60 dB) 28 (27.7) 6 (5.9)
Severe (61–80 dB) 7 (6.9) 0
Profound (≥81 dB) 2 (2.0) 0
Chi-Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. dB: Decibel

Table 2: Prevalence of degree of SNHL among diabetic cases according to age group

Age group Degree of hearing loss

Normal (%) Mild (%) Moderate (%) Severe (%) Profound (%) Total abnormal (%)
≤30 years 1 (16.7) 2 (33.3) 3 (50.0) 0 0 5 (83.3)
31–50 years 27 (43.5) 17 (27.4) 13 (21.0) 4 (6.5) 1 (1.6) 35 (56.5)
51–60 years 5 (15.2) 12 (36.4) 12 (36.4) 3 (9.1) 1 (3.0) 28 (84.8)
Total 33 (32.7) 31 (30.7) 28 (27.7) 7 (6.9) 2 (2.0) 68 (67.3)

Chi‑square=8.6378
p=0.013*

Chi-Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. p=0.013*
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The prevalence of SNHL according to age in the cases is shown in 
Table 2. In our study, as the age of the cases advances, the prevalence of 
SNHL increases. As the p=0.013* which is statistically significant.

The prevalence of SNHL in diabetic males is 66.70% and in diabetic 
females is 68.1%. As the p=0.88, it shows that SNHL has no gender 
predilection in diabetic patients (Table 3).

In the study among T2DM patients and non-diabetic control, hearing 
loss is more prevalent in both the left and right ears of diabetic patients 
(Table 4).

The table shows that the proportion of SNHL among diabetes patients with 
HbA1C between 9.1 and 11 is highest (93.3%) followed by patients with 
HbA1C more than 11, and the least SNHL was seen among diabetes patients 
with HbA1C <7. Profound SNHL hearing loss is exclusively found in HbA1C 
levels more than 11. As the p=0.025* it is statistically significant that the 
more the HbA1C, the more is the prevalence of hearing loss (Table 5).

A positive correlation was found among diabetic patients with 
HbA1c and SNHL in the left ear, and this is evidenced by a correlation 
coefficient of 0.269 (Spearman Rho Correlation). The p=0.007* which is 

statistically significant. A positive correlation was found among diabetic 
patients with HbA1c and SNHL in the right ear, and this is evidenced by 
a correlation coefficient of 0.235. The p=0.018* which is statistically 
significant (Fig. 1).

The proportion of SNHL among diabetes patients with a duration of 
diabetes of more than 10  years is the highest. Diabetic patients with 
<5 years of duration of the disease have the least proportion of SNHL.

A positive correlation was found among diabetic patients with 
duration of diabetes and SNHL in the left ear, and this is evidenced by 
a correlation coefficient of 0.308. The p=0.002, which is statistically 
significant. A  positive correlation was found among diabetic patients 
with duration of diabetes and SNHL in the right ear, and this is evidenced 
by a correlation coefficient of 0.279. The p=0.005, which is statistically 
significant (Fig. 2).

The overall prevalence of DR among diabetic patients is 56. 4%. Among 
56.4% of cases with retinopathy, 38.6% are mild Non proliferative 
Diabetic retinopathy (NPDR) followed by 12.9% moderate NPDR, then 
severe NPDR and PDR had a prevalence of 5% and 2%, respectively 
(Table 6).

Table 3: Gender‑wise prevalence of degree of SNHL in diabetic cases

Gender Degree of hearing loss

Normal (%) Mild (%) Moderate (%) Severe (%) Profound (%) Total abnormal (%)
Male 18 (33.3) 16 (29.6) 16 (29.6) 4 (7.4) 0 36 (66.7)
Female 15 (31.9) 15 (31.9) 12 (25.5) 3 (6.4) 2 (4.3) 32 (67.1)
Total 33 (32.7) 31 (30.7) 28 (27.7) 7 (6.9) 2 (2.0) 68 (67.3)

Chi‑square=0.023
p=0.88

Chi-Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. p = 0.88 (not statistically 
significant) 

Fig. 2: Correlations between duration of diabetes and SNHL

a b

Fig. 1: Correlation between HbA1c and SNHL

a b
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Table 4: Comparisons of mean of SNHL (decibel) in both ears 
among cases and control

Hearing loss 
(in decibels)

Cases 
(mean±SD)

Control 
(mean±SD)

p‑value*

Right ear PTA 35.81±17.26 23.80±6.93 <0.001**
Left ear PTA 35.86±17.25 24.01±6.70 <0.001**
<0.001**, *Mann Whitney U Test, p value < 0.001** is considered statistically 
extremely  significant. PTA: Pure tone audiometry. SD: Standard deviation

Table 6: Prevalence of diabetic retinopathy among diabetic cases according to age group

Age group Funduscopy

Normal (%) Mild NPDR (%) Moderate NPDR (%) Severe NPDR (%) PDR (%) Total Abnormal (%)
≤30 years 3 (50.0) 3 (50.0) 0 0 0 3 (50.0)
31–50 years 33 (53.2) 21 (33.9) 5 (8.1) 3 (4.8) 0 29 (46.8)
>50 years 8 (24.2) 13 (39.4) 8 (24.2) 2 (6.1) 2 (6.1) 25 (76.8)
Total 44 (43.6) 37 (38.6) 13 (12.9) 5 (5.0) 2 (2.0) 57 (56.4)

Chi‑square=7.4661
p=0.02*

Chi-Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. p=0.02*

Table 5: Correlations of HbA1c with the degree of hearing loss among diabetic cases

HbA1C Hearing Loss

Normal (%) Mild (%) Moderate (%) Severe (%) Profound (%) Total abnormal (%)
6.5–7 10 (55.6) 6 (33.3) 1 (5.6) 1 (5.6) 0 8 (44.4)
7.1–9 17 (34.7) 12 (24.5) 17 (34.7) 3 (6.1) 0 32 (65.3)
9.1–11 1 (6.7) 8 (53.3) 4 (26.7) 2 (13.3) 0 14 (93.3)
>11 5 (26.3) 5 (26.3) 6 (31.6) 1 (5.3) 2 (10.5) 14 (73.7)
Total 33 (32.7) 31 (30.7) 28 (27.7) 7 (6.9) 2 (2.0) 68 (67.3)

Chi‑square=9.3363
p=0.025*

Chi-Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. p=0.025* 

In our study, as the age of the cases advances, the prevalence of 
retinopathy increases. As the p=0.02* which is statistically significant. 
The prevalence of retinopathy in diabetic males is 53.30% and in 
diabetic females is 40.40% as the p=0.553 which shows that SNHL has 
no gender predilection in diabetic patients.

The proportion of DR among diabetes patients with HbA1c between 9.1 
and 11 is the highest (80%) followed by patients with HbA1c more than 
11, and the least percentage of retinopathy was seen among diabetes 
patients with HbA1C <7. PDR is exclusively found in HbA1c more than 
9.1. As p=0.007* which is statistically significant (Table 7).

Among DR patients, 84.20% of patients had hearing loss, with normal 
hearing in 15.80%. Among diabetic patients without DR, 45.5% of 
patients show SNHL, with normal hearing in 54.5%. As the p<0.001**, 
it is statistically extremely significant (Fig. 3).

The overall prevalence of diabetic nephropathy is 43.6% among diabetic 
patients. The prevalence of microalbuminuria and macroalbuminuria 
is 38.6% and 5% respectively. Among diabetic nephropathy patients, 
86.4% had hearing loss, with normal hearing in 13.6%. Among diabetic 
patients without diabetic nephropathy, 52.6% of patients show SNHL, 
with normal hearing in 47.4%. There is a positive correlation between 
SNHL and diabetic nephropathy (p<0.001**, statistically extremely 
significant) (Fig. 4).

The overall prevalence of diabetic peripheral neuropathy in diabetic 
patients is 51.5%, the prevalence of motor axonal neuropathy is 19.8%, 
followed by motor sensory axonal neuropathy with the same 19.8%, then 
entrapment neuropathy, motor axonal demyelinating neuropathy, and 
sensory demyelinating neuropathy have a prevalence of 5.9%, 3.0%, and 
2.0% respectively. Among diabetic peripheral neuropathy patients, 78.4% 
had hearing loss, with normal hearing in 21.6%. Among diabetic patients 
without peripheral neuropathy, 56% of patients show SNHL, with normal 
hearing in 44%. The p=0.0163* which is statistically significant (Fig. 5).

DISCUSSION

In our study, the age of cases has been matched with the age of controls. 
As the prevalence of hearing loss increases with age, as evidenced by 
Oh et al. and Huang and Tang [14,15]; our study subjects were matched 
according to the age group to minimize the confounding effects of age. 
In our study, gender distribution in cases was matched with controls 
(p=1). Our study found the prevalence of SNHL in diabetic males is 
66.70% and in diabetic females is 68.1% (p=0.88), suggesting that 
there is no gender predilection for hearing loss. A  similar result had 
been found in the study conducted by Sharma et al. [16].

Unsurprisingly, T2DM subjects had higher mean fasting glucose, 2-h 
PPBS, and mean HbA1c compared to normoglycemic control subjects. 
As would be expected, the key pathogenic processes of beta-cell 
dysfunction and resistance to insulin action were more evident in the 

Fig. 3: Correlation between SNHL and retinopathy
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Table 7: Correlations of HbA1c with diabetic retinopathy among diabetic cases

HbA1C Funduscopy

Normal (%) Mild NPDR (%) Moderate NPDR (%) Severe NPDR (%) PDR (%) Total Abnormal (%)
≤7 13 (72.2) 5 (27.8) 0 0 0 5 (27.8)
7.1–9 23 (46.9) 21 (42.9) 5 (10.2) 0 0 26 (53.1)
9.1–11 3 (20.0) 4 (26.7) 6 (40.0) 1 (6.7) 1 (6.7) 12 (80.0)
>11 5 (26.3) 7 (36.8) 2 (10.5) 4 (21.1) 1 (5.3) 14 (73.7)
Total 44 (43.6) 37 (38.6) 13 (12.9) 5 (5.0) 2 (2.0) 57 (56.4)

Chi‑square=11.9267
p=0.007*

Chi‑Square test, p value < 0.05* is considered statistically significant. p value < 0.001** is considered statistically extremely significant. p=0.007*

T2DM cohort relative to normoglycemic control subjects.

Our study showed that SNHL was statistically significantly more common 
in diabetic patients as compared to non-diabetic control. The prevalence 
of SNHL among diabetics was 67.3% as compared to only 21.8% among 
non-diabetics, which was statistically extremely significant with a 
p<0.001**. This result approximates those of Mohapatra et al. (58%) 
[17], Meena et al. [18] (58%), Bhaskar et al. [19] (78.2%), and Sachdeva 
and Azim [20] (33.7%) studies. In the study among T2DM patients and 
non-diabetic control, hearing loss is more prevalent in both ears of 
diabetic patients. We found that as the age of the cases advances, the 
prevalence of SNHL increases (p=0.013*). The finding is similar to that 
of Aziz et al. [21], Saini et al. [22], and Jankar et al. [23].

Our study shows that the proportion of SNHL among diabetes patients 
with HbA1c between 9.1 and 11 is the highest (93.3%) followed by 
patients with HbA1c more than 11, and the least SNHL was seen among 
diabetes patients with HbA1c <7. Profound SNHL is exclusively found 
in HbA1c levels more than 11. The prevalence of SNHL correlated with 
the levels of HbA1c among diabetics, suggesting a possible significant 
association between diabetes and increased hearing loss, which is 

consistent with the observation made by Kim et al. [24] in which 
they found that the risk of hearing loss increased progressively with 
increasing HbA1c levels.

The SNHL in diabetes is gradual and progressive; with an increase 
in the duration of the disease, the prevalence of the SNHL increases. 
A statistically significant positive correlation was found among diabetic 
patients with the duration of diabetes and SNHL in the left ear and right 
ear. This outcome goes in similarity to Mohapatra et al. [17], Srinivas 
et al. [25], Ozkurt et al. [26], Rajendran et al. [27] and Aziz et al. [21].

The overall prevalence of diabetic peripheral neuropathy in diabetic 
patients is 51.5%. This outcome is similar to Pfannkuche et al. [28] and 
Young et al. [29].

In our study, we found a positive correlation between SNHL and DR 
(p<0.001**). The first positive correlation was found in 1961 by 
Jorgensen and Bush, which showed subjects with proliferative DR 
were twice as likely to have hearing loss. This outcome is similar to 
Kurt et al. [30]. The relationship between DR and hearing loss has been 
reported in several studies [14,31].

In our study, there is a positive correlation between SNHL and diabetic 
nephropathy (p<0.001). There is some study relationship between 
CKD and SNHL, but there is no study to our knowledge that shows the 
correlation between diabetic nephropathy and hearing loss.

Our study found a positive correlation between SNHL and diabetic 
peripheral neuropathy (p=0.0163*). There is a hypothesis that may 
explain a neuropathic mechanism, involving the auditory nerve, as 
the underlying cause for the higher prevalence of hearing impairment 
among diabetes. Despite this, there is only one population-based study 
that reported the correlation between hearing function and diabetic 
neuropathy [32]. Similar results have been reported by Ren et al. [33]. 
Hence, our study found a significant correlation between SNHL with DR, 
neuropathy, and nephropathy. The other factor that had a significant 
correlation was the duration of diabetes, HbA1C, and age of the patient.

CONCLUSION

This study established that SNHL is common in T2DM, with a high 
association with microvascular complications such as diabetic 
peripheral neuropathy, nephropathy, and retinopathy. As the duration 
of diabetes and level of HbA1C progress, the prevalence of hearing loss 
is found to get worse, demonstrating that lengthened and sustained 
exposure to the damaging pathological effects of DM has a tough bearing 
on hearing impairment. It is imperative to understand the mechanisms 
core to the pathogenesis of diabetes-associated hearing impairment, 
which may help provide benefits to ascertain effective interventions or 
prevention of early hearing dysfunction or loss. In such cases, routine 
audio-logical evaluation may be carried out to help in early diagnosis of 
SNHL. Good glycemic control is needed to prevent or delay its progress.

LIMITATION
As in the Indian population, the prevalence of diabetes is on the upper 
side; a bigger sample size could have thrown more insight on the subject 

Fig. 4: Correlation between SNHL and diabetic nephropathy

Fig. 5: Correlation between SNHL and diabetic neuropathy
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of SNHL in T2DM. The primary aim of this study was to estimate the 
prevalence rate and its correlation with microvascular complications. 
For this reason, merely a single pure-tone audiometry assessment was 
made. Sequential monitoring of auditory ability in diabetic patients 
could have helped outline the development of auditory impairment.

AUTHOR’S CONTRIBUTIONS

Dr. Sarata Chandra Singh, Dr. Manoranjan Behera and Dr. Manoranjan 
Swain contributed equally making the design of the study, literature 
research, data collection, statistical study, analysis of data, Dr.  Bibhu 
Prasad Behera, Dr.  Thakura Soren, and Dr.  Tanmaini Das contributed 
equally to the statistical study, analysis of data, data interpretation, 
and manuscript writing. The corresponding author is Dr. Bibhu Prasad 
Behera.

CONFLICTS OF INTEREST

None.

AUTHORS’ FUNDING

No funding resource.

REFERENCES

1.	 ICMR Guidelines for Management of Type  2 Diabetes 2018. 
New Delhi: Indian Council of Medical Research; 2018.

2.	 International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels, 
Belgium: International Diabetes Federation; 2021.

3.	 Behera BP, Sen RK. A study on the prevalence of thyroid dysfunction 
in patients with type 2 diabetes mellitus in a tertiary centre in a tribal 
population of eastern India. Int J Pharm Pharm Sci. 2023;15(6):29-34. 
doi: 10.22159/ijpps.2023v15i6.48019

4.	 Powers AC, Stafford JM, Rickels MR. Diabetes Mellitus: Complications. 
Harrison’s Principles of Internal Medicine. 21st ed., Vol. 2. McGraw-
Hill Publication; 2022. p. 11364-95.

5.	 Tiwari A, Mudhol RS. Prevalence of sensorineural hearing loss among 
type-II diabetes mellitus patients attending KLES Dr. Prabhakar Kore 
Hospital and MRC: A cross-sectional study. Indian J Health Sci Biomed 
Res. 2018;11(2):165-9. doi: 10.4103/kleuhsj.kleuhsj_187_17

6.	 Gadkari SS, Maskati QB, Nayak BK. Prevalence of diabetic retinopathy 
in India: The all India ophthalmological society diabetic retinopathy 
eye screening study 2014. Indian J Ophthalmol. 2016;64(1):38-44. 
doi: 10.4103/0301-4738.178144, PMID 26953022

7.	 Patil S, Gogate P, Vora S, Ainapure S, Hingane RN, Kulkarni AN, 
et al. Prevalence, causes of blindness, visual impairment and cataract 
surgical services in Sindhudurg district on the western coastal strip 
of India. Indian J Ophthalmol. 2014;62(2):240-5. doi: 10.4103/0301-
4738.128633, PMID 24618491

8.	 Snyder MJ, Gibbs LM, Lindsay TJ. Treating painful diabetic peripheral 
neuropathy: An update. Am Fam Physician. 2016;94(3):227-34. 
PMID 27479625

9.	 Gill HK, Yadav SB, Ramesh V, Bhatia E. A  prospective study of 
prevalence and association of peripheral neuropathy in Indian patients 
with newly diagnosed type  2 diabetes mellitus. J  Postgrad Med. 
2014;60(3):270-5. doi: 10.4103/0022-3859.138750, PMID 25121366

10.	 Rani PK, Raman R, Rachapalli SR, Pal SS, Kulothungan V, Sharma T. 
Prevalence and risk factors for severity of diabetic neuropathy 
in type  2 diabetes mellitus. Indian J Med Sci. 2010;64(2):51-7. 
doi: 10.4103/0019-5359.94400, PMID 22466493

11.	 Reidy K, Kang HM, Hostetter T, Susztak K. Molecular mechanisms 
of diabetic kidney disease. J  Clin Invest. 2014;124(6):2333-40. 
doi: 10.1172/JCI72271, PMID 24892707

12.	 Ahmad J. Management of diabetic nephropathy: Recent progress 
and future perspective. Diabetes Metab Syndr. 2015;9(4):343-58. 
doi: 10.1016/j.dsx.2015.02.008, PMID 25845297

13.	 Olusanya BO, Davis AC, Hoffman HJ. Hearing loss grades and the 
International classification of functioning, disability and health. 
Bull World Health Organ. 2019  Sep  3;97(10):725-8. doi: 10.2471/

BLT.19.230367, PMID 31656340
14.	 Oh IH, Lee JH, Park DC, Kim M, Chung JH, Kim SH, et al. Hearing 

loss as a function of aging and diabetes mellitus: A cross sectional study. 
PLoS One. 2014;9(12):e116161. doi: 10.1371/journal.pone.0116161, 
PMID 25549095

15.	 Huang Q, Tang J. Age-related hearing loss or presbycusis. Eur Arch 
Otorhinolaryngol. 2010;267(8):1179-91. doi: 10.1007/s00405-010-
1270-7, PMID 20464410

16.	 Sharma R, Choudhary R, Teharia RK. Correlation between sensorineural 
hearing loss and HbA1c in diabetes mellitus patients. Eur J Mol Clin 
Med. 2022;9(1):958-63.

17.	 Mohapatra S, Tripathy N, Jena SK, Swain S. Diabetes 
mellitus: A  substantial factor of hearing loss in adults. Natl J 
Physiol Pharm Pharmacol. 2021;12(4):423-7. doi: 10.5455/
njppp.2022.12.09339202123092021

18.	 Meena R, Sonkhya D, Sonkhya N. Evaluation of hearing loss in patients 
with type  2 diabetes mellitus. Int J Res Med Sci. 2016;4:2281-7. 
doi: 10.18203/2320-6012.ijrms20161800

19.	 Bhaskar KN, Chaliharan S, Vaswani R. Clinical and audiometric 
assessment of hearing loss in diabetes mellitus. Int J Sci Study. 
2014;2:1-16.

20.	 Sachdeva K, Azim S. Sensorineural hearing loss and type II diabetes 
mellitus. Int J Otorhinolaryngol Head Neck Surg. 2018;4(2):499-507. 
doi: 10.18203/issn.2454-5929.ijohns20180714

21.	 Aziz AA, Shetty KC, Bhat V. Clinical evaluation of sensorineural 
hearing loss in diabetes mellitus. IOSR J Dent Med Sci. 2016;15:51-60. 
doi: 10.9790/0853-15185160

22.	 Saini S, Saini R, Aseri Y, Singh BK, Verma PC. Sensorineural hearing 
loss in diabetic patients. Indian J Basic Appl Med Res. 2014;3:170-4.

23.	 Jankar DS, Bodhe CD, Bhutada TB. A study on hearing loss in Type II 
diabetics. Int J Med Res Health Sci. 2013;2(4):893-8. doi: 10.5958/
j.2319-5886.2.4.143

24.	 Kim MB, Zhang Y, Chang Y, Ryu S, Choi Y, Kwon MJ, et al. Diabetes 
mellitus and the incidence of hearing loss: A cohort study. Int J Epidemiol. 
2017;46(2):717-26. doi: 10.1093/ije/dyw243, PMID 27818377

25.	 Srinivas CV, Shyamala V, Shiva Kumar BR. Clinical study to evaluate 
the association between sensorineural hearing loss and diabetes mellitus 
in poorly controlled patients whose HbA1c >8. Indian J Otolaryngol 
Head Neck Surg. 2016;68(2):191-5. doi: 10.1007/s12070-016-0973-5, 
PMID 27340635

26.	 Ozkurt FE, Akdag M, Tuna MM, Yilmaz B, Sengul E, Dal MS. 
Hearing impairment in middle-aged patients with diabetes. Biotechnol 
Equip. 2016;30(4):737-41. doi: 10.1080/13102818.2016.1170631

27.	 Rajendran S, Anandhalakshmi MB, Rao V. Evaluation of the Incidence 
of Sensorineural hearing loss in Patients with type 2 diabetes mellitus. 
Int J Biol Med Res. 2011;2:982-7.

28.	 Pfannkuche A, Alhajjar A, Ming A, Walter I, Piehler C, Mertens PR. 
Prevalence and risk factors of diabetic peripheral neuropathy in a 
diabetics cohort: Register initiative “diabetes and nerves”. Endocr 
Metab Sci. 2020;1(1-2):100053. doi: 10.1016/j.endmts.2020.100053

29.	 Young MJ, Boulton AJ, MacLeod AF, Williams DR, Sonksen PH. 
A multicenter study of the prevalence of diabetic peripheral neuropathy 
in the United  Kingdom hospital clinic population. Diabetologia. 
1993;36(2):150-4. doi: 10.1007/BF00400697, PMID 8458529

30.	 Kurt E, Öztürk F, Günen A, Sadikoglu Y, Sari RA, Yoldas TK, et al. 
Relationship of retinopathy and hearing loss in type 2 diabetes mellitus. 
Ann Ophthalmol. 2002;34(3):216-22. doi: 10.1007/s12009-002-0026-4

31.	 Ashkezari SJ, Namiranian N, Rahmanian M, Atighechi S, Mohajeri-
Tehrani MR, Gholami S. Is hearing impairment in diabetic patients 
correlated to other complications? J Diabetes Metab Disord. 
2018;17(2):173-9. doi: 10.1007/s40200-018-0357-3, PMID 30918852

32.	 Bainbridge KE, Cheng YJ, Cowie CC. Potential mediators of diabetes 
related hearing impairment in the U.S. population: National Health 
and Nutrition Examination Survey. Diabetes Care. 2010;33(4):811-6. 
doi: 10.2337/dc09-1193, PMID 20097782

33.	 Ren H, Wang Z, Mao Z, Zhang P, Wang C, Liu A, et al. Hearing 
loss in type  2 diabetes in association with diabetic neuropathy. Arch 
Med Res. 2017;48(7):631-7. doi: 10.1016/j.arcmed.2018.02.001, 
PMID 29433858


