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Abstract 
Background:  Type 2 Diabetes Mellitus (T2DM) is associated with microvascular and 
neuropathic complications that may affect the cochlea, leading to sensorineural hearing 
loss (SNHL). Despite growing evidence, routine audiological screening is not commonly 
practiced in diabetic care. This study aimed to evaluate the audiological profile of T2DM 
patients and determine its association with glycemic control and disease duration. 
Methods:A hospital-based cross-sectional study was conducted jointly by the 
Departments of Otorhinolaryngology and General Medicine at a tertiary care teaching 
hospital. A total of 100 patients aged 30–65 years with confirmed T2DM were enrolled. 
Patients with conductive hearing loss, chronic otitis media, history of ototoxic drug use, 
significant noise exposure, or previous ear surgery were excluded. All participants 
underwent detailed clinical evaluation, HbA1c estimation, fasting and postprandial blood 
glucose testing, and Pure Tone Audiometry (PTA) across frequencies 250 Hz to 8 kHz. 
Hearing loss was classified according to WHO grading. Statistical analysis included 
Pearson’s correlation, independent t-test, and multivariate regression analysis. A p-value 
<0.05 was considered statistically significant. Results:Among the 100 participants (mean 
age 52.4 ± 8.6 years; 58% males), 38% demonstrated sensorineural hearing loss. High-
frequency SNHL was the predominant pattern (71% of affected cases). Patients with 
HbA1c ≥8% had significantly higher mean hearing thresholds compared to those with 
HbA1c <8% (p=0.002). A moderate positive correlation was observed between HbA1c 
levels and hearing thresholds (r=0.41, p<0.001). Duration of diabetes >10 years was 
significantly associated with greater hearing impairment (p=0.01). Additionally, patients 
with diabetic neuropathy and retinopathy showed higher prevalence of SNHL (p=0.03). 
Conclusion: Sensorineural hearing loss, particularly at higher frequencies, is significantly 
associated with poor glycemic control and longer duration of T2DM. These findings 
suggest that periodic audiological evaluation may be beneficial in diabetic patients, 
especially those with uncontrolled disease and microvascular complications. 
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INTRODUCTION 
Diabetes mellitus (DM) is one of the most significant global public health challenges of the 21st century. It is a chronic 

metabolic disorder characterized by persistent hyperglycemia resulting from defects in insulin secretion, insulin action, or 

both. Among the various forms of diabetes, Type 2 Diabetes Mellitus (T2DM) accounts for approximately 90–95% of all 

cases worldwide and is associated with substantial morbidity, mortality, and economic burden.¹ The increasing prevalence 

of T2DM is primarily driven by rapid urbanization, sedentary lifestyles, population aging, unhealthy dietary habits, and the 

growing prevalence of obesity. According to the International Diabetes Federation (IDF) Diabetes Atlas 2025, 

approximately 589 million adults aged 20–79 years are living with diabetes globally, and this number is projected to 
increase to 853 million by 2050.² 

 

India is recognized as the "diabetes capital of the world" because of its rapidly expanding diabetic population. Recent 

estimates indicate that India has more than 101 million individuals living with diabetes and an additional 136 million 

individuals with prediabetes.³ The burden of T2DM in India has increased substantially over the past two decades due to 

socioeconomic transition, changes in lifestyle patterns, reduced physical activity, and increasing life expectancy. The rising 

prevalence of diabetes poses significant challenges to the healthcare system because of its associated chronic complications 

and the resulting impact on quality of life. 
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The long-term complications of T2DM are broadly categorized into macrovascular and microvascular complications. 

While diabetic retinopathy, nephropathy, and peripheral neuropathy are well-established microvascular complications 

routinely screened in clinical practice, auditory dysfunction remains an underrecognized and underdiagnosed 

manifestation. ⁴ Emerging evidence suggests that the auditory system, particularly the cochlea and auditory neural 

pathways, may be vulnerable to chronic hyperglycaemia and diabetes-related microvascular damage. 

 

Several pathophysiological mechanisms have been proposed to explain the relationship between T2DM and hearing 
impairment. Chronic hyperglycemia results in endothelial dysfunction, thickening of the capillary basement membrane, 

reduced cochlear blood flow, oxidative stress, and accumulation of advanced glycation end products (AGEs). These 

changes may lead to microangiopathy of the stria vascularis, degeneration of outer hair cells, spiral ganglion neuron 

damage, and demyelination of the eighth cranial nerve.⁵ Histopathological studies have demonstrated atrophy of the spiral 

ganglion cells, narrowing of the internal auditory artery, and degeneration of the cochlear structures in patients with 

diabetes, supporting the biological plausibility of diabetes-associated sensorineural hearing loss (SNHL).⁶ 

 

Hearing loss associated with T2DM is predominantly sensorineural in nature and typically affects higher frequencies 

initially. The prevalence of hearing impairment among individuals with diabetes has been reported to range from 20% to 

45%, depending on the study population, diagnostic criteria, and audiological assessment methods.⁷ A comprehensive 

meta-analysis demonstrated that adults with diabetes have a significantly higher risk of developing hearing impairment 

compared to non-diabetic individuals.⁸ Moreover, poor glycemic control, longer duration of diabetes, and the presence of 

microvascular complications such as diabetic retinopathy and neuropathy have been identified as important predictors of 

hearing loss. 

 

Despite increasing evidence linking T2DM with hearing impairment, routine audiological screening is not included in 

standard diabetic care protocols. Hearing loss often develops insidiously and may remain undetected until it significantly 
affects communication, social interactions, cognitive function, and overall quality of life. Early identification of hearing 

impairment through audiological evaluation may facilitate timely intervention and improve patient outcomes.  

 

In the Indian context, limited studies have explored the association between glycemic control and hearing loss among 

patients with T2DM. Variations in ethnicity, environmental exposures, healthcare accessibility, and disease characteristics 

necessitate region-specific data to better understand the burden of diabetes-related auditory dysfunction. Furthermore, there 

remains a paucity of evidence examining the relationship between hearing thresholds, glycaemic control, disease duration, 

and diabetic microvascular complications in the Indian population. 

 

Pure Tone Audiometry (PTA) is a reliable, non-invasive, and cost-effective tool for detecting early auditory dysfunction 

across different frequencies. Assessing the audiological profile of patients with T2DM and correlating hearing thresholds 

with glycaemic status may provide valuable insights into the role of chronic hyperglycaemia in cochlear dysfunction and 

support the incorporation of audiological assessment into comprehensive diabetes management strategies. 

 

Therefore, the present study was undertaken to evaluate the audiological profile of patients with Type 2 Diabetes Mellitus 

and to determine its correlation with glycemic control, duration of diabetes, and the presence of microvascular 

complications. 

 

OBJECTIVES 
1. To determine the prevalence and pattern of hearing loss in patients with T2DM. 

2. To correlate hearing thresholds with HbA1c levels. 

3. To assess the association between duration of diabetes and hearing impairment. 

4. To evaluate the relationship between diabetic microvascular complications and SNHL. 

 

MATERIALS AND METHODS 

Study Design 
Hospital-based cross-sectional observational study. 

 

Study Setting 
Department of Otorhinolaryngology and Department of General Medicine, Subbaiah institute of medical sciences. 

 

Study Duration 
12 months. 
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Sample Size Calculation 
Sample size was calculated using the formula: 

 

n=Z2 P(1−P)/d2     

 

Assuming 

 Expected prevalence (P) of SNHL in diabetics = 35% (based on previous literature) 

 Z = 1.96 (95% confidence interval) 

 Margin of error (d) = 9% 

 

Calculated minimum sample size ≈ 97 

Final sample size considered = 100 patients 

 

Inclusion Criteria 

 Diagnosed T2DM patients 

 Age 30–65 years 

 Willing to provide informed consent 

 

Exclusion Criteria 

 Conductive hearing loss 

 Chronic otitis media 

 History of ear surgery 

 Ototoxic drug intake 

 Significant occupational noise exposure 

 Known congenital hearing impairment 

 

Study Procedure 
All participants underwent 

 Detailed history and clinical ENT examination 

 Fasting & postprandial blood glucose 

 HbA1c estimation 

 Screening for diabetic neuropathy & retinopathy 

 Pure Tone Audiometry (250 Hz – 8 kHz) 

Hearing loss is graded according to the WHO classification. 

 

Statistical Analysis 
Data analyzed using IBM SPSS Statistics for Windows, Version 25.0 (IBM SPSS Statistics; IBM Corp., Armonk, NY, 

USA). Continuous variables: Mean ± SD. Categorical variables: Frequency & percentage. Pearson correlation for HbA1c 

vs hearing thresholds. Independent t-test for group comparison. Multivariate regression for predictors. p < 0.05 considered 

statistically significant. 
 

RESULTS 

Table 1: Demographic Characteristics (n = 100) 

 

 

 
 

 

Table 2: Prevalence & Pattern of Hearing Loss 

Finding Percentage 

Normal Hearing 62% 

SNHL 38% 

High-frequency SNHL 27% 

Bilateral involvement 31% 

Variable Value 

Mean Age
 

52.4 ± 8.6 years 

Male 58% 

Female 42% 

Mean Duration of 

DM 
9.2 ± 4.8 

years 

Mean HbA1c 8.4 ± 1.3% 
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Table 3: Correlation Analysis 

 

 
 

 

Patients with an HbA1c level of ≥8% had significantly higher mean hearing thresholds compared to those with an HbA1c 

level of <8% (p = 0.002). The presence of diabetic neuropathy and retinopathy showed a significant association with 
SNHL (p = 0.03). 
 

DISCUSSION 
The present hospital-based cross-sectional study evaluated the audiological profile of 100 patients with Type 2 Diabetes 

Mellitus (T2DM) and examined its association with glycemic control, duration of disease, and microvascular 

complications. 

 
In the present study, 38% of patients demonstrated sensorineural hearing loss (SNHL). This prevalence is consistent with 

previous reports, which have documented hearing impairment among 30–45% of patients with T2DM.⁹⁻¹¹ The variation in 

prevalence across studies may be attributed to differences in study populations, age distribution, duration of diabetes, 

glycemic status, and audiometric assessment methods. 

 

High-frequency SNHL was the predominant audiological pattern observed, accounting for 71% of affected cases. Similar 

findings have been reported by Panchu, who demonstrated significantly elevated hearing thresholds at higher frequencies 

among diabetic patients compared with non-diabetic individuals.¹⁶ Austin et al. also observed early high-frequency hearing 

impairment in diabetic patients, suggesting increased vulnerability of the basal turn of the cochlea to metabolic and vascular 

injury.¹⁵ The preferential involvement of higher frequencies may result from microangiopathy affecting the stria vascularis 

and degeneration of outer hair cells. 

 

A significant positive correlation was observed between HbA1c levels and hearing thresholds (r = 0.41, p < 0.001). 

Furthermore, patients with HbA1c levels ≥8% had significantly higher hearing thresholds than those with HbA1c levels 

<8% (p = 0.002). These findings indicate that poor glycemic control is associated with worsening auditory function. Similar 

observations have been reported by Srinivas et al., who demonstrated a significant association between elevated HbA1c 

levels and SNHL severity in patients with T2DM.¹³ Elamin et al. also identified poor glycemic control as an independent 

predictor of hearing impairment. ¹⁰ Chronic hyperglycemia may induce cochlear dysfunction through microvascular 
damage, oxidative stress, accumulation of advanced glycation end products, and neural degeneration.¹². 

 

The present study further demonstrated a significant association between duration of diabetes and hearing impairment. 

Patients with disease duration greater than 10 years had significantly greater hearing thresholds, and a moderate positive 

correlation was observed between duration of diabetes and hearing thresholds (r = 0.32, p = 0.01). These findings suggest 

that prolonged exposure to hyperglycemia contributes to progressive cochlear damage. Similar results have been reported 

by Agrawal et al., who observed a higher prevalence of hearing loss among individuals with longer disease duration. ⁹ 

Kakarlapudi et al. also reported increasing severity of hearing loss with longer duration of diabetes.¹⁴ 

 

An important finding of the present study was the significant association between diabetic microvascular complications 

and SNHL. Patients with diabetic neuropathy and retinopathy exhibited a higher prevalence of hearing impairment (p = 

0.03). This observation supports the concept that hearing loss may represent an additional microvascular complication of 

diabetes. Felício et al. demonstrated that cochlear dysfunction is more common among diabetic patients with established 

microvascular complications. ¹² Similar findings have been reported by Dalton et al., who suggested that cochlear 

microangiopathy parallels vascular changes observed in the retina and peripheral nerves.¹⁷. 

 

The pathophysiological mechanisms underlying diabetes-associated hearing loss are multifactorial. Histopathological 
studies have demonstrated thickening of capillary basement membranes within the stria vascularis, atrophy of the organ of 

Corti, degeneration of spiral ganglion neurons, and reduced cochlear blood flow in diabetic patients. ¹⁴˒¹⁸ Oxidative stress 

and chronic inflammation further contribute to vascular and neural injury within the auditory pathway. 

 

The findings of the present study highlight the importance of incorporating periodic audiological assessment into routine 

diabetic care, particularly for patients with poor glycemic control, longer disease duration, and established microvascular 

complications. Early detection through Pure Tone Audiometry may facilitate timely intervention and improve quality of 

life. 

 

 

 

Variable Correlation Coefficient (r) p-value 

HbA1c vs Hearing Threshold 0.41 <0.001 

Duration vs Hearing Threshold 0.32 0.01 
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CONCLUSION 
This hospital-based cross-sectional study demonstrated that sensorineural hearing loss (SNHL) is a common yet 

underrecognized complication among patients with Type 2 Diabetes Mellitus (T2DM), with an overall prevalence of 38%. 

High-frequency SNHL was the predominant pattern observed, and bilateral involvement was present in a substantial 

proportion of affected individuals. 

 

Poor glycemic control, as indicated by higher HbA1c levels, showed a significant positive correlation with increased 
hearing thresholds. Additionally, longer duration of diabetes was associated with greater hearing impairment. The presence 

of diabetic microvascular complications, particularly neuropathy and retinopathy, was also significantly associated with a 

higher prevalence of SNHL. 

 

These findings suggest that chronic hyperglycemia and cumulative microvascular damage may contribute to progressive 

cochlear dysfunction in patients with T2DM. Therefore, periodic audiological assessment using Pure Tone Audiometry 

should be considered as part of comprehensive diabetes care, especially for patients with poor glycemic control, longer 

disease duration, and established microvascular complications. Early detection and timely intervention may help reduce 

the impact of hearing impairment and improve the overall quality of life of diabetic patients. 
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