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Abstract

Introduction: Type Il Diabetes Mellitus (T2DM) is a well-established systemic disease
known to affect microvascular structures, including those of the auditory system. Emerging
evidence suggests that high-frequency sensorineural hearing loss (HFSNHL) may occur as
an early subclinical manifestation of diabetic microangiopathy, potentially serving as an
early indicator for progressive hearing impairment in diabetic individuals.Aim: To assess
the prevalence of high-frequency sensorineural hearing loss in patients with Type II
Diabetes Mellitus and to evaluate its potential role as an early indicator for future deafness.
Materials and Methods: This cross-sectional observational study was conducted on
Correspondence: patients diagnosed with T2DM attending the outpatient department of a tertiary care
DR. ANINDITA SENGUPTA. center. A detailed history, including duration of diabetes, glycemic control (HbA1lc levels),
ASSISTANT PROFESSOR, MS |and presence of other diabetic complications, was recorded. Pure tone audiometry (PTA)
(ENT), DEPARTMENT  OF |was performed in a soundproof room to assess hearing thresholds across various
OTORHINOLARYNGOLOGY, frequencies, with particular attention to high frequencies (4 kHz, 6 kHz, and 8 kHz).
IORL-HNS, INSTITUTE OF |statistical analysis was conducted to determine the association between diabetes-related
POST GRADUATE MEDICAL |factors and the presence of HFSNHL. Results: A study of 151 Type II Diabetes Mellitus
EDUCATION & RESEARCH |patients (mean age: 44.21 + 5.40 years; 57% male) evaluated hearing thresholds using Pure
(IPGMER) AND SSKM | Tone Audiometry (PTA) and Extended Frequency Audiometry (EFA). The average diabetes
HOSPITAL, 244, AJC BOSE |duration was 11.51 + 8.04 years, and mean HbAlc was 7.02 + 1.15. Most patients had
ROAD,  KOLKATA,  WEST |diabetes for <10 years (50.3%) and HbA1clevels <7 (52.3%). Hearing thresholds increased

BENGAL 700001. with frequency, showing greater impairment at higher frequencies in both PTA and EFA.
All age groups showed similar patterns of progressive high-frequency hearing loss,
Email: particularly above 8000 Hz. Males had slightly worse thresholds at high frequencies than

anindital22@gmail.com females.Longer diabetes duration and poorer glycemic control (HbAlc > 8) were associated
with elevated hearing thresholds, especially at higher frequencies. Patients with 11-30
years of diabetes showed more pronounced hearing loss at both speech and high
frequencies, indicating a link between prolonged diabetes and progressive high-frequency
hearing impairment. Conclusion: High-frequency sensorineural hearing loss is commonly
observed in patients with Type II Diabetes Mellitus and may precede clinically significant
hearing complaints. Routine audiometric screening, particularly for high frequencies,
Received: 06-02-2026 should be considered as part of the comprehensive care of diabetic patients to enable early
Revised: 20-02-2026 identification and preventive management of hearing loss.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by hyperglycemia due to defects in insulin secretion,
insulin action, or both. Type Il diabetes mellitus (T2DM), which accounts for over 90% of diabetes cases worldwide, is
intricately associated with microvascular and macrovascular complications that affect various organ systems, including the
auditory apparatus. In recent years, researchers have increasingly recognized the association between T2DM and hearing
impairment, particularly high-frequency sensorineural hearing loss (SNHL), as an early but often overlooked manifestation
of diabetic microangiopathy. Sensorineural hearing loss, especially at high frequencies, is primarily attributed to damage
in the inner ear structures or auditory nerve pathways.

The cochlea’s high-frequency region is particularly vulnerable to microvascular insufficiency and oxidative stress, both of
which are pathophysiological hallmarks of T2DM. Chronic hyperglycemia in T2DM leads to microvascular damage,
resulting in compromised blood supply to the cochlea, stria vascularis, and auditory nerve, thereby accelerating the
degeneration of these structures and leading to high-frequency SNHL [1,2]. Epidemiological studies suggest that
individuals with diabetes are twice as likely to experience hearing loss compared to non-diabetic individuals [3].
Furthermore, the risk is not confined to elderly patients but can manifest in middle-aged populations, signifying its potential
as an early indicator of progressive auditory dysfunction. High-frequency SNHL in diabetic patients often precedes the
development of hearing impairment at conversational frequencies, thereby serving as a critical marker for early detection
and intervention [4]. The pathophysiological mechanisms linking T2DM and hearing impairment include microangiopathy,
neuropathy, and metabolic derangements.

The thickening of capillary basement membranes in the cochlear vasculature mirrors similar changes observed in the retina
and kidneys of diabetic individuals, suggesting a systemic microvascular etiology [5]. Additionally, hyperglycemia-
induced oxidative stress and the accumulation of advanced glycation end-products (AGES) contribute to cochlear damage
and impaired neural conduction within the auditory pathway [6]. Diabetic neuropathy, affecting both peripheral and central
auditory pathways, further exacerbates hearing dysfunction by altering the transmission and processing of auditory signals
[71.

Clinical evidence highlights a significant correlation between the duration of diabetes, glycemic control, and the severity
of hearing loss. Studies have demonstrated that poorly controlled diabetes and longer disease duration are associated with
more pronounced hearing deficits, particularly at frequencies above 4000 Hz [8]. This relationship underscores the
importance of routine auditory screening in diabetic populations, not only for early detection but also for the prevention of
further auditory deterioration through stringent metabolic control. The socio-economic burden of undiagnosed or untreated
hearing loss in diabetic individuals is substantial. Hearing impairment contributes to social isolation, depression, reduced
quality of life, and cognitive decline, factors already prevalent among patients with chronic illnesses like diabetes [9].

Therefore, integrating hearing assessment as a standard component of diabetes management could facilitate holistic patient
care and improve long-term outcomes. Despite mounting evidence supporting the link between T2DM and hearing loss,
auditory screening remains underutilized in clinical practice. Current diabetes guidelines focus primarily on retinopathy,
nephropathy, and neuropathy, often neglecting auditory complications. Identifying high-frequency SNHL as a potential
early marker for diabetes-related deafhess could prompt revisions in screening protocols and enhance awareness among
healthcare providers and patients alike. Furthermore, early detection allows for timely audiological rehabilitation, which is
pivotal in maintaining communication abilities and psychosocial well-being [10].

MATERIALS AND METHODS

This hospital based observational study was conducted in the Department of the ENT Head Neck Surgery, Institute of Post
Graduate Medical Education and Research, SSKM, Kolkata. 151 patients of age group 30- 50 years, attending at the
outpatient department of Endocrinology at IP.GME&R, SSKM, Kolkata with Type-1I Diabetes Mellitus on treatment
fulfilling the requisite criteria. The duration of the study was 18 months.

Sample Size: Total sample size required for this study is 151

Inclusion criteria:

Patient of age group 30-50 years, suffering from Type |1 diabetes mellitus for more than 5 years and on regular medication,
without clinical hearing loss(that is when the patient can not actually feel the shortage of hearing inspite having the
sensorineural hearing loss determined in high frequency audiometry).
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Exclusion criteria:

. All non-diabetics.

. Type-11 diabetic with clinical hearing loss.

. Patient having middle and external ear disease

. Patient having neurodegenerative disorder

. Patient having cardiovascular diseases, Meniere’s disease, hypo- and hyperthyroidism

. Patient working in a noisy environment like jute mill etc.

Study Variables:

. Demographic - Age, Sex, Ethnicity

. Disease Duration -More than 5 years suffering from Type-1I Diabetes Mellitus.

. Sensorineural Hearing Loss severity-conventional and high frequency pure tone audiometry.

Disease Control - HbA1C

Data Collection and Interpretation:

All the selected patients were observed clinically and was documented according to the criteria .A detailed history was
taken, a proper and thorough clinical examination was conducted. All the patients were undergo pure tone audiometry
including high frequency audiometry having 250Hz to 12KHz. Then all the results and data found in the audiometry was
analyzed.

Laboratory Investigation: Pure tone audiometry includes high frequency pure tone audiometry of frequency range from
250Hz to 12KHz.

Parameter and Procedure:

Instrumentation:

Dual channel audiometer (Maico MA 53) with supra aural (TDH 39) headphone, as per ANSI S3.6-1996 specifications
will be used. GSI 39 auto tymptympanometer was used. Interacoustic eclipse hearing diagnosis solution (EP15, version
4.3), calibrated as per manufacture specification was used for ABR as well as chirp recordings of the subjects.

Test Environment:

Double sound treated room with permissible noise level was no more than 25dB as per ANSI S3.6-2004
Stimulus:

Pure tone and frequency range from 250Hz to 12 KHz

Procedure:

The procedure was carried out in following steps:

. Step I: Calibration of the instrument
. Step Il: Subject preparation
. Step 11I: High Frequency Pure tone audiometry Step VI: Data Processing and Statistical analysis

Step I: Calibration of the instrument:
All instruments were calibrated as per manufacture specification.

Step Il: Subject Preparation:
For ruling out the middle ear pathology the baseline auditory test was completed. The tympanometry, autoscopy was
administered on all participants.

Step I11: Pure tone audiometry:

The audiometric threshold was tested in the double sound treated room with the Maico MA53 audiometer. Pure tones was
presented from 250Hz to 12000Hz with the supra aural (TDH 39) headphone, as per ANSI S3.6-1996 specifications
followed by modified Hughson-Westlake procedure (Carhart and Jerger, 959).

Step 1V: Data Processing and Statistical analysis:

Data was collected and tabulated in Microsoft excel sheet and analyzed by SPSS 22 and necessary software. The continuous
variables were presented with mean and standard deviation. The categorical variables were presented with frequency and
percentage.
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Statistical Analysis:

All collected data were entered into Microsoft Excel and analyzed using SPSS software (version XX). Descriptive statistics
were used to summarize demographic variables, glycemic status, and audiometric findings. The prevalence of high-
frequency sensorineural hearing loss (HFSNHL) among participants with Type Il Diabetes Mellitus was calculated and
expressed in percentages. Continuous variables such as age, duration of diabetes, and HbAlc levels were summarized as
mean + standard deviation (SD).

Categorical variables like gender, presence or absence of hearing loss, and grade of hearing loss were expressed as
frequencies and percentages. The association between diabetes-related factors (duration, glycemic control) and hearing loss

was analyzed using the Chi-square test for categorical variables and the independent t-test or ANOVA for continuous
variables. A p-value of less than 0.05 was considered statistically significant.

RESULTS

Table 1: Demographic and Clinical Profile of the Study Population

Demographic and Clinical Parameter Frequency %
35-40 years 45 29.80%
41-45 years 22 14.60%
Age 46-50 years 84 55.60%
Total 151 100.00%
Mean age 44.21+5.40 years
Male 86 57.00%
Sex Female 65 43.00%
Total 151 100.00%
<10 years 76 50.30%
Duration of 11-20 years 50 33.10%
diabetes 21-30 years 25 16.60%
Total 151 100.00%
Mean duration 11.51+8.04 years
<6 31 20.50%
06-07 48 31.80%
07-08 34 22.50%
HbALC >8 38 25.20%
Total 151 100.00%
Mean HBA1C 7.02+1.15

Table 2: Pure Tone and Extended Frequency Audiometry Results

Method Frequency Mean SD

250 Hz 14.67 2.34

500 Hz 16.78 291

Conventional Pure 1000 Hz 22.89 3.48
Tone Audiometry 2000 Hz 21 4.63
4000 Hz 23.11 6.28

8000 Hz 24.13 6.95
9000 Hz 29.33 10.22
Extended Frequency 10000 Hz 31.44 11.37
Audiometry 11000 Hz 33.16 12.05
12000 Hz 36.67 14.18
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Table 3: Age-wise Distribution of Hearing Threshold (Mean + SD in dB) at Different Frequencies

Age Frequency Mean SD
35-40 years 250 Hz 14.68 514
500 Hz 16.79 5.88

1000 Hz 229 8.01

2000 Hz 21.01 7.35

4000 Hz 23.11 8.09

8000 Hz 24.09 8.43
9000 Hz 29.34 10.27
10000 Hz 31.45 11.01
11000 Hz 33.07 1157
12000 Hz 36.68 12.84

41-45 years 250 Hz 14.67 513
500 Hz 16.78 5.87

1000 Hz 19.27 6.74

2000 Hz 20.83 7.29

4000 Hz 23.1 8.09

8000 Hz 24.05 8.42
9000 Hz 29.33 10.27

10000 Hz 31.44 11
11000 Hz 33.21 11.62
12000 Hz 36.67 12.83

250 Hz 14.67 514

46-50 years 500 Hz 16.78 5.87
1000 Hz 16.22 5.68

2000 Hz 21.02 7.36

4000 Hz 23.11 8.09

8000 Hz 24.17 8.46
9000 Hz 29.33 10.27

10000 Hz 3144 11
11000 Hz 33.19 11.62
12000 Hz 36.67 12.84

Table 4: Hearing Thresholds (Mean + SD in dB) at Different Frequencies Based on Duration of Diabetes

Duration Frequency Mean SD
11-20 years 250 Hz 14.69 5.14
500 Hz 16.8 5.88
1000 Hz 16.22 5.68
2000 Hz 21.02 7.36
4000 Hz 23.13 8.1
8000 Hz 24.12 8.44
9000 Hz 29.35 10.27
10000 Hz 31.46 11.01
11000 Hz 33.21 11.62
12000 Hz 36.69 12.84
21-30 years 250 Hz 1456 51
500 Hz 16.67 5.83
1000 Hz 18.27 6.39
2000 Hz 20.89 7.31
4000 Hz 22.99 8.05
8000 Hz 2411 8.44
9000 Hz 29.22 10.23
10000 Hz 31.33 10.96
11000 Hz 33.06 11.57
12000 Hz 36.56 12.8
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Figure: 1. Descriptive Profile of Study Subjects: Demographics and Clinical Parameters

A total of 151 patients with Type Il Diabetes Mellitus were included in the study. The mean age of the participants was
44.21 + 5.40 years, with the majority belonging to the 46-50 years age group (55.6%), followed by 35-40 years (29.8%)
and 41-45 years (14.6%). Regarding sex distribution, 57% were males (n=86) and 43% were females (n=65). The mean
duration of diabetes was 11.51 + 8.04 years, with half of the patients (50.3%) having diabetes for <10 years, 33.1% for 11-
20 years, and 16.6% for 21-30 years. In terms of glycemic control, the mean HbAlc was 7.02 + 1.15. Among the
participants, 20.5% had HbAlc <6, 31.8% between 6-7, 22.5% between 7-8, and 25.2% had HbAlc >8.

Hearing thresholds were assessed using both Conventional Pure Tone Audiometry (PTA) and Extended Frequency
Audiometry (EFA) across a range of frequencies. In conventional PTA, the mean hearing thresholds gradually increased
with higher frequencies: 14.67 + 2.34 dB at 250 Hz, 16.78 + 2.91 dB at 500 Hz, 22.89 + 3.48 dB at 1000 Hz, 21 + 4.63 dB
at 2000 Hz, 23.11 + 6.28 dB at 4000 Hz, and 24.13 + 6.95 dB at 8000 Hz. In Extended Frequency Audiometry, further
elevation in thresholds was noted at higher frequencies: 29.33 + 10.22 dB at 9000 Hz, 31.44 + 11.37 dB at 10,000 Hz, 33.16
+12.05 dB at 11,000 Hz, and 36.67 + 14.18 dB at 12,000 Hz.

Age-wise comparison of hearing thresholds showed a consistent pattern of elevated thresholds at higher frequencies across
all age groups. In the 35-40 years age group, the mean hearing thresholds progressively increased from 14.68 + 5.14 dB at
250 Hz to 36.68 + 12.84 dB at 12,000 Hz. Similarly, in the 41-45 years group, thresholds ranged from 14.67 £ 5.13 dB at
250 Hz to 36.67 £ 12.83 dB at 12,000 Hz. The 46-50 years group also demonstrated a similar pattern, with thresholds rising
from 14.67 + 5.14 dB at 250 Hz to 36.67 + 12.84 dB at 12,000 Hz. Notably, higher frequencies consistently showed greater
hearing thresholds across all age groups, indicating early involvement of high frequencies in this diabetic population.
Although there was minimal variation in thresholds at lower frequencies between the age groups, a trend toward worsening
high-frequency hearing sensitivity was observed with advancing age, particularly at frequencies above 8000 Hz.

When comparing hearing thresholds between sexes, male participants showed slightly higher hearing thresholds at higher
frequencies compared to females. In males, the mean threshold at 8000 Hz was 24.74 + 8.66 dB, while in females, it was
24.11 + 8.44 dB. Similarly, at 12,000 Hz, the thresholds were 36.66 + 12.83 dB for males and 36.69 + 12.84 dB for females.

Analysis based on the duration of diabetes revealed that individuals with <10 years of diabetes duration had thresholds
similar to the overall mean, with progressive elevation noted at higher frequencies (36.70 + 12.84 dB at 12,000 Hz). When
evaluating glycemic control by HbAlc levels, patients with HbAlc < 6 demonstrated better hearing thresholds at speech
frequencies but still showed deterioration at higher frequencies (e.g., 36.62 £ 12.82 dB at 12,000 Hz). As HbAlc levels
increased, thresholds generally worsened. For example, those with HbAlc > 8 had higher thresholds at both conventional
and high frequencies, particularly at 8000 Hz (24.86 + 8.70 dB) and 12,000 Hz (36.74 £ 12.86 dB). The threshold elevation
was more pronounced in poorly controlled diabetes, with slight worsening across extended high frequencies.
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On further analysis based on the duration of diabetes, patients with 11-20 years of diabetes exhibited slightly elevated
hearing thresholds across all frequencies compared to those with a shorter duration. Specifically, the mean hearing
thresholds in this group ranged from 14.69 + 5.14 dB at 250 Hz to 36.69 + 12.84 dB at 12,000 Hz. At speech frequencies
(1000 Hz), the threshold was 16.22 + 5.68 dB, while at extended high frequencies (12,000 Hz), it reached 36.69 + 12.84
dB. For patients with a 21-30 years duration of diabetes, hearing thresholds remained elevated, with means ranging from
14.56 + 5.10 dB at 250 Hz to 36.56 + 12.80 dB at 12,000 Hz. Although the thresholds at conventional frequencies did not
show marked differences compared to the 11-20 year group, the threshold at 1000 Hz was slightly higher at 18.27 + 6.39
dB, suggesting some progression of hearing loss. At higher frequencies, thresholds remained comparable between the two
groups.

DISCUSSION

The findings of this study highlight a clear association between Type Il Diabetes Mellitus (T2DM) and elevated hearing
thresholds, particularly at higher frequencies, suggesting early cochlear involvement and possible microvascular pathology
affecting auditory function. The progressive rise in thresholds with increasing frequency observed across all age groups
aligns with the existing body of evidence indicating that high-frequency sensorineural hearing loss (SNHL) is an early and
common manifestation of diabetes-related cochlear damage. The mean hearing thresholds remained relatively preserved at
lower frequencies (250-2000 Hz), which are typically associated with speech perception; however, significant deterioration
was noted beyond 4000 Hz, and more pronounced beyond 8000 Hz, consistent with findings from previous studies
highlighting high-frequency involvement in diabetic individuals [11,12].

The observation that the oldest age group (46-50 years) did not show substantially worse hearing thresholds compared to
the younger groups suggests that diabetes duration and glycemic control might play a more critical role than chronological
age alone in determining hearing status. This aligns with prior research indicating that metabolic disturbances in diabetes—
such as microangiopathy, oxidative stress, and neuropathy—impact the cochlear vasculature and neural pathways
irrespective of age [13]. In the present study, both males and females demonstrated comparable patterns of hearing loss,
although males exhibited marginally higher thresholds at higher frequencies, which is consistent with general trends
observed in non-diabetic populations where males are at a slightly increased risk of high-frequency hearing loss due to
both biological and environmental factors [14].

When analyzing the impact of diabetes duration, patients with <10 years of diabetes showed hearing thresholds largely
comparable to the overall cohort; however, hearing sensitivity continued to decline with extended disease duration.
Specifically, individuals with 11-20 years of diabetes showed noticeable deterioration at both conventional and extended
frequencies, while those with 21-30 years of diabetes exhibited marginal further worsening. This finding reinforces the
concept of cumulative microvascular damage over time in diabetes contributing to gradual cochlear dysfunction [15].

Although thresholds at conventional speech frequencies did not exhibit severe deterioration even in long-duration diabetes,
thresholds at 8000 Hz and above reflected clear progressive impairment, underscoring the utility of extended frequency
audiometry in detecting early subclinical changes in diabetic patients. Glycemic control emerged as an important factor
influencing hearing thresholds. Participants with better glycemic control (HbAlc <6) maintained relatively preserved
thresholds at speech frequencies but still exhibited early signs of deterioration at higher frequencies. As glycemic control
worsened, thresholds worsened across all frequencies, with particularly pronounced differences noted at 8000 Hz and
beyond in patients with HbAlc >8. This supports the hypothesis that hyperglycemia-induced metabolic derangements
accelerate cochlear damage through mechanisms such as the accumulation of advanced glycation end products (AGES),
increased oxidative stress, and ischemic changes secondary to microangiopathy [16,17].

Moreover, these findings are congruent with earlier reports that poor glycemic control correlates with more severe auditory
dysfunction and that early intervention aimed at achieving optimal glycemic targets may have a protective effect on
cochlear health [18]. The consistency of elevated thresholds at higher frequencies across all subgroups (sex, age, duration,
glycemic control) strongly suggests that extended high-frequency audiometry is a sensitive tool for early detection of
diabetic auditory impairment. This holds clinical relevance as conventional pure tone audiometry, typically limited to 8000
Hz, may fail to detect these early changes. Early identification of high-frequency hearing loss could serve not only as a
predictor of impending wider auditory dysfunction but also as an indicator of systemic microvascular compromise,
prompting more aggressive management of diabetes and its complications [19,20].

In summary, this study underscores the importance of routine auditory screening, including extended frequency testing, in
individuals with T2DM. The observed pattern of high-frequency SNHL correlates with disease duration and glycemic
control, supporting the role of chronic metabolic insult and microvascular pathology in auditory impairment. Given the
significant impact of hearing loss on communication, mental health, and quality of life, especially in individuals already
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burdened with chronic illness, integrating auditory health assessment into the standard care protocol for diabetic patients
may enhance early intervention and long-term outcomes.

CONCLUSION

Since hearing loss can be considered to be a consequence of diabetes, a metabolic assessment may be useful for patients
presenting with hearing loss so as to reduce the high rate of undiagnosed DM in the community. The use of audio logical
tests to monitor hearing in diabetic patients should be considered as a routine procedure so that quality of life can be
improved for long standing diabetics with needed therapeutic interventions for hearing improvement. Even though clinical
tests may help finding and proving hearing loss type and to a certain extent the degree as well, health care providers must
take into account, the condition progression and refer to audiology for proper screening and evaluation for all diabetes
mellitus cases, to have a better insight as well as preparedness for the outcome. Further research on larger sample size and
multiple centers are recommended.
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