Evaluation of Auditory Function in Children and Adolescents with Transfusion Dependent Β Thalassemia
ABSTRACT
Aim: Hearing impairment in transfusion dependent thalassemia patients (TDT) has been variably attributed to iron chelation therapy. This study aimed to evaluate auditory function in TDT children and adolescents and compare them to healthy control.
Methods: This case-control study included 30 TDT children who were on deferasirox/ deferoxamine chelation therapy and 30 age- and sex-matched healthy controls. The auditory evaluation performed included pure tone audiometry (PTA), tympanometry, and speech audiometry.  
Results: The comparison of PTA thresholds between TDT patients and healthy controls revealed no statistically significant differences across all tested frequencies for both ears (p>0.05). The comparison of tympanometry measurements also revealed no statistically significant differences across all measured pressure points for both right and left ears. All participants demonstrated normal hearing sensitivity (≤15 dB hearing level) with type A tympanometric patterns and none exhibited signs of suspected sensorineural hearing loss based on the combination of Pure tone audiometry and discrimination score results. The PTA thresholds also demonstrated patterns of negative correlation with MRI results of T2* and positive correlation with LIC at lower and higher frequencies in both ears.

Conclusions: The findings of this study indicate that children and adolescents with transfusion-dependent β-thalassemia demonstrate preserved auditory function across all standard audiological parameters. The absence of overt hearing loss should therefore not be interpreted as the absence of risk; instead, it reflects a delicate balance maintained by current transfusion and chelation practices. 
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1. Introduction
Beta-thalassemia major is an inherited disorder characterized by absent or severely reduced β-globin production, leading to chronic anemia and ineffective erythropoiesis [1]. In Egypt, there is high prevalence of β-thalassemia carriers of 9-10% and growing number of patients born each year.  It is accounted as the most common chronic hemolytic anemia in (85.1%) of Egyptian population [2]. This chronic illness presents with severe anemia, organomegaly, jaundice, skeletal abnormalities, and a characteristic facial appearance. There is a requirement for lifelong regular blood transfusions to treat the chronic anemia, hence termed transfusion-dependent β-thalassemia (TDT) [3].





Frequent transfusions result in iron overload, the excess iron deposits in tissues, including the cochlea and auditory neuronal pathways, can catalyze oxidative injury and cellular apoptosis [4]. The complications of iron overload necessitating chelation therapy, classically with deferoxamine (DFO), oral deferasirox (DFX), or deferiprone. While extending patient survival, chelation therapy carries its own complications including known ototoxicity, depending on the type of iron chelator used, the dose and duration of therapy, and the average ferritin and hemoglobin levels [5].
Ototoxicity is a temporary or permanent dysfunction of the inner ear following drug exposure, resulting in hearing disturbances. In addition to therapy, high iron exposure can also damage hearing. In pediatric groups, hearing loss prevalence ranges from 15.5% to 73.3% across studies. Sensorineural hearing loss (SNHL) is most commonly reported. Conductive hearing loss (CHL) occurs in ~10%, often transient due to middle ear pathology and typically reversible. Mixed hearing loss appears less commonly ~4% [6]. Auditory complications may be underrecognized. As longevity improves, monitoring late effects like otologic dysfunction becomes paramount. Hearing impairment significantly affects speech and language development, educational performance and quality of life in TDT patients [7].
Several methods are available for audiological monitoring of ototoxicity. Pure tone audiometry (PTA) is the gold standard for detecting hearing loss inclinical practice as it can determine the degree of hearing loss, type of hearing loss, and audiometric pattern [6].
The prevalence of hearing impairment in pediatric TDT varies, depending on age group and diagnostic criteria. DFO-era pediatric studies noted SNHL in 27% of children, often at high frequencies (>8 kHz); reversibility occurred in up to half with dose adjustment. In Egypt, SNHL was found in ~48% of children on DFO via PTA [8]. Age also plays a role, in which older children have higher rates of hearing impairment. Male sex has occasionally been linked to higher risk [9].
Dosing strategies for chelation need careful balance between managing iron burden and minimizing ototoxic risk. The early interventions and chelator modifications, can improve developmental outcomes. By understanding the multifactorial origins of auditory deficits in TDT, and implementing routine audiological surveillance, clinicians can mitigate disability and support optimal development in this vulnerable population [10].
Because of the limited studies performed on the ototoxicity of the oral chelating agents in patients with β‐thalassemia major additional research in this area is needed to evaluate the hearing status of patients. The aim of this study was to assess the auditory function in children and adolescents with transfusion dependent β-thalassemia and to explore its relationship with hematological, biochemical, and radiological parameters.


2. Patients and Methods
2.1.  Patients
This work was a prospective case-control study conducted within the period from March 2024 to March 2025 on 60 subjects divided into two groups: beta-thalassemia major group (30 children diagnosed with beta-thalassemia major attainting the outpatient Pediatric Hematology clinic at Benha University Hospital) having age between (1 to 18 years) and Control group (30 healthy age and matched children). The exclusion criteria involved Children <1year or > 18 years, children with active or recent histories of ear disturbance, previous ear surgeries, and exposure to acoustic trauma, children with family history of hereditary hearing loss were present and concomitant administration of any ototoxic drugs other than iron chelating agents. All the participants were subjected to history taking including presenting symptoms, history of complications (e.g. (ear problems, or hearing impairment) and treatment history (including blood transfusion and chelation therapy).
2.2. Methods
Laboratory investigations
Peripheral blood samples were collected from all subjects for hematological and biochemical analysis. Complete blood count (CBC) was performed using an automated hematology analyzer (Sysmex XN-1000). Liver and kidney function tests were analyzed using an automated biochemistry analyzer (Cobas 6000, Roche Diagnostics), measuring parameters such as glutamate pyruvate transaminase (GPT), glutamate oxaloacetate transaminase (GOT), serum creatinine, and urea.
 Additionally, serum ferritin levels were determined using the Chemiluminescent Immunoassay (CLIA) technique on a Siemens ADVIA Centaur XP system, providing quantitative assessment of iron stores in the patients.

 Radiological investigations
Magnetic resonance imaging (MRI) T2*  for measurement of  cardiac iron overload and Liver iron concentration (LIC) for  measurement of iron concentration in liver [11].

Audiological evaluation
PTA was conducted using a GSI 61 Clinical Audiometer in a soundproof booth. Air conduction thresholds were measured at standard frequencies from 250 Hz to 8 kHz, and bone conduction thresholds were obtained where indicated. Testing was performed monaurally for each ear [12]. Tympanometry was performed with a Grason-Stadler TympStar Pro to assess middle ear compliance and peak pressure. A standard 226 Hz probe tone was used, and tympanograms were classified according to Jerger types (A, B, C) [13]. Using the GSI 61 integrated speech module, speech recognition thresholds (SRT) and word recognition scores (WRS) were determined in quiet conditions. Speech materials were presented at comfortable listening levels, and responses were recorded for each ear [14].


Ethical considerations
Informed written consent from all patients before participation were obtained; it included data study design and confidentiality. Official permission from the administrators of ethical committee, Faculty of Medicine at Benha University to conduct this study was obtained. Number of Research ethical committee (Approval No. Ms. 5-2-2024).
Statistical analysis 
The collected data were presented in tables and appropriate graphs and analyzed using the Statistical Package for the Social Sciences (SPSS), version 26.0 (IBM Corp., Armonk, NY, USA). The normality of data distribution was assessed using the Shapiro–Wilk test. Numerical data were expressed as mean ± standard deviation (SD) for normally distributed variables or as median and range (minimum–maximum) for non-normally distributed variables. Categorical data were presented as frequencies and percentages.The Student’s t-test was used to compare the means of two independent groups for normally distributed variables, while the Mann–Whitney U test was applied for non-normally distributed variables. The Chi-square (χ²) test was used to compare categorical variables. Correlation analysis (r) was performed to assess the strength of association between two quantitative variables.
Results
The median age of TDT patients was 5.0 years, ranged from 5 to 18 years, 56.7% wew males and 43.3 % were females. No significant difference was found between the TDT and control groups regarding age and sex (p=0.23, p=0.43, respectively. Likewise, body mass index (BMI) values were similar between TDT patients and controls, as demonstrated by the close mean BMI values and a non-significant t-test result (19.35± 2.89 vs. 19.55± 2.84, p = 0.78).

Table (1) displays the medical history of TDT patients.  Table (2) displays a comparison of laboratory and radiological investigations results between the TDT and controls. The results showed significant higher sGOT, ferritin, urea, and creatinine while lower RBCs count and haemoglobin level in the TDT group compared to controls (p<0.05). Also, the mean cardiac T2* value among TDT patients was 25.21 ± 7.99 ms. The mean liver iron concentration (LIC) was 7.0 mg Fe/g dry weight.





























  Table (1): Medical history of TDT patients.
	parameter
	TDT (n = 30)

	Age of diagnosis (months)
	6 (2 –  24)

	Blood transfusion 
	

	  Onset of blood transfusion (months)
	                7.5 (3 –  27)

	   Duration of blood transfusion (years)
	11.62 (4.58-17.75)

	   Frequency of transfusion, n (%) 
	

	 Every 2 weeks
	18 (60%)

	 Every 3 weeks
	9 (30%)

	 Every 4 weeks
	3 (10%)

	Chelating agent, n (%)
	

	  Types
	

	      Deferasirox  
	27 (90%)

	Deferasirox  + deferoxamine
	3 (10%)

	   Onset of chelating agent (months)
	17.5 (13 – 37)

	   Duration of chelating agent (years)
	10.79 (3.75 – 16.91)

	Other drugs, n(%)
	

	Insulin
	2 (6.7%)

	Supportiveᶧ 
	30 (100%)

	Complications
	

	Hepatomegaly, n (%)
	4 (13.33%)

	Splenomegaly, n (%)
	16 (53.33%)

	Splenectomy
	5 (16.67%)

	Delayed puberty, n (%)
	5 (16.7%)

	Short stature, n (%)
	6 (20%)

	Diabetes, n (%)
	2 (6.7%)


      TDT: transfusion dependent thalassemia, ᶧ:
       Supportive drugs: Vitamin D, calcium, L-carnitine and folic acid.










Table (2): Comparison of laboratory and radiological findings between studied groups.
	Parameter
	TDT (n = 30)
	Control (n = 30)
	p-value

	Laboratory
	
	
	

	  Hemoglobin (g/dl)
	8.96 ± 0.5
	13.43 ± 0.77
	p < 0.001*

	  RBCs (×10¹²/L)
	3.2 (2.8–4)
	4.95 (4.3–5.4)
	p < 0.001*

	  Platelets (×10⁹/L)
	315.23 ± 104.25
	291.4 ± 50.3
	p = 0.26

	  Ferritin (ng/dl)
	2576.5 (200–8745)
	48.5 (23–75)
	p < 0.001*

	  SGPT (U/L)
	31.5 (14–230)
	33.5 (15–45)
	p = 0.96

	  SGOT (U/L)
	41.5 ( 22–178)
	25 (16–33)
	p < 0.001*

	  Urea (mg/dl)
	26.23 ± 7.89
	21.3 ± 5.72
	p = 0.007*

	  Creatinine (mg/dl)
	0.5 (0.2–0.9)
	0.2 (0.1–0.6)
	p < 0.001*

	MRI for iron overload
	
	
	

	  Cardiac T2* (ms)
	25.21 ± 7.99
	                     —
	—

	  LIC (mg/g)
	7.0  (1.2–18.5)
	—
	—


  *: significant (p<0.05).
SGOT: Serum Glutamic-Oxaloacetic Transaminase
SGPT: Serum Glutamic-Pyruvic Transaminase
LIC: liver iron concentration  


Table (3) presents the comparison of PTA thresholds between TDT patients and healthy controls which revealed no statistically significant differences across all tested frequencies for both ears (p>0.05). The comparison of tympanometry measurements between TDT patients and healthy controls revealed no statistically significant differences across all measured pressure points for both right and left ears (table 4).

Table (3): Comparison between β-thalassemia patients and controls regarding Pure tone audiometry.
	
	TDT (n = 30)
	Control (n = 30)
	p-value

	250 Hz
	
	
	

	 Right ear
	13.5 ± 3.1
	12.5 ± 2.25
	p=0.15

	 Left ear
	13.1± 3.15
	13± 3.12
	p=0.90

	500 Hz
	
	
	

	 Right ear
	13 ± 3.1
	13.2± 2.25
	p=0.77

	 Left ear
	13± 4.1
	13.2± 3
	p=0.83

	1000 Hz
	
	
	

	 Right ear
	12 ± 3.1
	13.2± 2.25
	p=0.09

	 Left ear
	12.4± 3.3
	12± 4
	p=0.67

	2000 Hz
	
	
	

	 Right ear
	10.7 ± 4
	11± 4.3
	p=0.78

	 Left ear
	10.3± 3.3
	10± 3.8
	p=0.74

	4000 Hz
	
	
	

	 Right ear
	12 ± 2.9
	11± 2.9
	p=0.18

	 Left ear
	11± 3
	10.5± 2.8
	p=0.50

	8000 Hz
	
	
	

	 Right ear
	9.5± 2
	9± 2.8
	p=0.42

	 Left ear
	9± 3.1
	9.9± 2.9
	p=0.25


                 Hz: Hertz


Table (4): Comparison between β-thalassemia patients and controls regarding tympanometry measurements.
	
	TDT (n = 30)
	Control (n = 30)
	p-value

	-600 daPa
	
	
	

	 Right ear
	0.21 (0.1 – 0.23)
	0.21 (0.2 – 0.22)
	p=0.6

	 Left ear
	0.3 (0.23 – 0.42)
	0.28 (0.24 – 0.32)
	p=0.51

	-400 daPa
	
	
	

	 Right ear
	0.31 (0.29 – 0.31)
	0.31 (0.29 – 0.33)
	p=0.16

	 Left ear
	0.35 (0.3 – 0.45)
	0.33 (0.22 – 0.6)
	p=0.86

	-200 daPa
	
	
	

	 Right ear
	0.52 (0.5 – 0.56)
	0.55 (0.53 – 0.56)
	p=0.21

	 Left ear
	0.53 (0.5 – 0.59)
	0.58 (0.51 – 0.6)
	p=0.14

	0 daPa
	
	
	

	 Right ear
	1.1 (1- 1.21)
	1.3 (1.2 -1.4)
	p=0.92

	 Left ear
	1.3 (1.2 – 1.4)
	1.33(1.22 – 1.5)
	p=0.14

	200 daPa
	
	
	

	 Right ear
	0.51 (0.51 – 0.57)
	0.51 (0.51 – 0.56)
	p=0.79

	 Left ear
	0.49 (0.4 – 0.5)
	0.5 (0.49 – 0.51)
	p=0.48


 dapa: deca pascal

Table (5) shows that the comparison of speech audiometry measurements between TDT patients and healthy controls revealed no statistically significant differences for either ear. As shown in Figures (1, 2), the comparison between TDT patients and healthy controls regarding the results of trypanogram and hearing status of both ear revealed no statistically significant differences across all assessed parameters. All participants demonstrated normal hearing sensitivity (≤15 dB HL) with type A tympanometric patterns. Additionally, none of the subjects exhibited poor speech discrimination scores (<90%) or signs of suspected sensorineural hearing loss based on the combination of PTA and DS results. 

Table (5): Comparison between β-thalassemia patients and controls regarding speech audiometry measurements.
	
	TDT (n = 30)
	Control (n = 30)
	p-value

	SDT
	
	
	

	 Right ear
	14 (12 – 19)
	13 (9.5 – 19)
	p=0.28

	 Left ear
	0.3 (0.23 – 0.42)
	0.28 (0.24 – 0.32)
	p=0.51

	Discrimination score (DS%)
	
	
	

	 Right ear
	97.5 (95 -100)
	100  (95 – 100)
	p=0.33

	 Left ear
	98 (97 – 100)
	99 (95.5 – 100)
	p=0.44

	DS% classification, n (%)
	
	
	

	Rt-ear
	Normal DS
	30 (100%)
	30 (100%)
	p=1.0

	
	Poor DS
	0 (0%)
	0 (0%)
	

	Lt-ear
	Normal DS
	30 (100%)
	30 (100%)
	p=1.0

	
	Poor DS
	0 (0%)
	0 (0%)
	


SDT: Speech Detection Threshold, DS: Discrimination score.

On performance of spearman correlation analysis of right ear and left ear PTA and demographic, clinical, lab and radiological data of TDT patient , the right PTA thresholds also demonstrated patterns of negative correlation with MRI results of T2*  (rs=-0.49, p=0.005 at 250 HZ, rs=-0.39, p=0.03 at 500 HZ, rs=-0.44, p=0.01 at  2000 HZ, rs=-0.39, p=0.02 at 4000 HZ) and positive correlation with LIC (rs=0.38, p=0.02 at 1000 HZ, and rs=0.4, p=0.03 at 8000 HZ) at lower and higher frequencies. The left PTA thresholds also demonstrated patterns of negative correlation with MRI results of T2* (rs=-0.48, p=0.005 at 250 HZ, rs=-0.37, p=0.03 at 500 HZ, rs=-0.4, p=0.01 at  2000 HZ, rs=-0.38, p=0.02 at 4000 HZ) and positive correlation with LIC at lower and higher frequencies (rs=0.38, p=0.02 at 1000 HZ and rs=0.4, p=0.03 at 8000 HZ).


Figure (1): Comparison of trypanogram results of both ears between TDT patients and healthy controls.


Figure (2): Comparison of hearing status of both ears between TDT patients and healthy controls.

3. Discussion
The potential ototoxicity of iron chelation therapy remains an important consideration in TDT management. Early detection of auditory deficits is especially important because even mild hearing loss can impact communication abilities, speech development, academic achievement, and social integration. Earlier studies during periods of high-dose deferoxamine use reported substantial rates of hearing impairment [15]. Some evidence, however, suggests that optimized dosing and the use of newer chelation agents significantly reduce this risk [16, 17].
In this study, TDT patients demonstrated normal auditory thresholds across all conventional audiometric frequencies when compared with matched healthy controls. No statistically significant differences were observed between groups, and all participants exhibited average pure-tone thresholds within the normal range. Tympanometry further confirmed normal middle-ear status in all patients, with exclusively type-A tympanogram and the speech audiometry results, including speech detection thresholds and discrimination scores remained within normal limits. 
In the current work, all participants exhibited type A tympanometry curves, suggesting normal middle-ear pressure and compliance. This contrasts with some earlier reports describing a higher prevalence of conductive hearing problems in thalassemia patients, which have been attributed to recurrent infections, immune compromise, or craniofacial bone changes resulting from untreated anemia (Khavidaki et al., 2024). The absence of such issues in the current cohort reflects the protective effect of early and adequate transfusion therapy, which prevents excessive bone marrow expansion and the related craniofacial alterations that can disrupt Eustachian tube function. 
The normal auditory thresholds observed in this relatively young cohort may also reflect a shorter duration of exposure to high iron levels and to chelation therapy. Many auditory complications are more prevalent in older adolescents and young adults, whose cumulative exposure to transfusions, iron overload, and chelators is far greater ([18]. Younger children may possess greater physiological resilience or have not yet reached the threshold at which cochlear oxidative injury becomes clinically evident. Longitudinal studies have consistently emphasized that hearing loss in thalassemia is more likely to emerge over time, particularly in patients who experience periods of elevated iron burden or who receive high-dose chelation therapy [15].
The generally well-controlled iron status in the current cohort may also explain the absence of overt auditory dysfunction. Modern thalassemia care involves early initiation of chelation therapy, consistent transfusion schedules, and routine MRI-based monitoring of iron burden—all of which reduce the risk of systemic toxicity [16, 17]. Earlier studies that documented higher rates of hearing loss were often conducted in settings where MRI monitoring was unavailable or inconsistent, and where chelation dosing was less precise [19]. The improvement in outcomes observed in recent cohorts, including the present one, highlights the success of contemporary evidence-based management practices in reducing organ-specific complications.
A key mechanistic insight supported by the present findings concerns the vulnerability of the cochlea to oxidative injury. The cochlea is one of the most metabolically active tissues in the body, relying on high levels of ATP and precise ionic homeostasis to maintain electrochemical gradients critical for sound transduction. Excess iron disrupts these processes through the generation of reactive oxygen species, which damage mitochondrial membranes and impair cellular metabolism [20]. High-frequency outer hair cells are particularly susceptible to such damage, which explains the tendency for early auditory effects to appear at higher frequencies [21]. The significant correlations between iron indices and thresholds in the mid- and high-frequency ranges observed here are consistent with this established pathophysiological model [22].
Differences in the pharmacologic profiles and toxicity risks of iron chelators must also be considered. While the specific chelation regimens used in this cohort were not stratified, previous studies have demonstrated substantial differences in ototoxicity among chelators. Deferoxamine, particularly at high doses, is known for its potential to induce reversible or permanent high-frequency hearing loss [15]. Deferiprone and deferasirox generally demonstrate a lower ototoxic risk profile when used appropriately, although isolated cases of hearing impairment have been reported [18]. The absence of chelator-related ototoxicity in the present sample may therefore reflect cautious dosing, appropriate therapeutic monitoring, and the increasing use of newer chelation agents with improved safety profiles [16, 17]. 
The absence of associations between hearing thresholds and hematologic indicators such as hemoglobin, RBC count, and platelet count reinforces the findings of other studies showing that these variables do not directly influence cochlear function in well-transfused patients [23]. Similarly, endocrine complications such as delayed puberty and short stature revealed no link to auditory function, consistent with research demonstrating that these manifestations reflect broader systemic disease processes rather than direct cochlear involvement [24].
Despite the overall preservation of normal hearing, several important subclinical associations emerged. A significant inverse correlation was found between cardiac T2* values and audiometric thresholds at multiple frequencies. Reduced T2*, indicative of increased myocardial iron deposition, was associated with slightly poorer (though still normal) hearing thresholds, particularly in the mid- and high-frequency ranges. Similar relationships have been described in prior research linking iron overload to early cochlear dysfunction, with proposed mechanisms involving oxidative stress, mitochondrial disruption, and damage to outer hair cells [20]. These findings suggest that although overt hearing loss has not occurred, iron accumulation may exert subtle effects on cochlear physiology. Liver iron concentration (LIC) also correlated positively with several auditory frequencies, reinforcing the theory that systemic iron overload may be detrimental to inner-ear structures even before conventional testing becomes abnormal.
Notably, serum ferritin did not correlate with hearing thresholds, consistent with research demonstrating that ferritin is an unreliable indicator of tissue iron burden due to its sensitivity to inflammation and hepatic dysfunction [25]. Also, clinical variables, including hepatomegaly, splenomegaly, delayed puberty, and short stature, did not exhibit consistent associations with auditory outcomes. These findings mirror previous studies reporting that such systemic complications of TDT do not directly influence cochlear function but instead reflect broader chronic disease processes without specific auditory involvement. Similarly, laboratory markers related to renal and hepatic function did not correlate with hearing thresholds, suggesting that metabolic parameters within the ranges found in routinely transfused patients may not significantly affect auditory mechanisms [23].
The absence of auditory toxicity in the present cohort is consistent with these contemporary trends and likely reflects appropriate dose regulation, adherence to contemporary treatment guidelines. Therefore, another dimension that should be considered when interpreting the present findings is the substantial variability observed in auditory outcomes among thalassemia populations across different regions and treatment eras. Several studies have documented a relatively high prevalence of sensorineural hearing loss in thalassemia patients, particularly in earlier decades when transfusion protocols were less standardized and chelation therapy was either unavailable or inconsistently administered [23]. In settings where chelation therapy is delayed, under-dosed, or inconsistently provided, iron overload accumulates more rapidly, and oxidative stress may reach the threshold required to damage cochlear structures earlier in life [20].
Nevertheless, given the wide inter-individual variability in drug metabolism and susceptibility, careful monitoring remains essential. This is particularly true in patients receiving combination therapy or fluctuating doses, as these regimens may still pose ototoxic risks, especially in the presence of high iron burden or nutritional deficiencies [15, 18]. These discrepancies underscore the critical role of healthcare infrastructure, patient adherence, and updated treatment approaches in determining auditory outcomes. 


This study has some limitations that should be recognized. Its design restricts interpretation regarding temporal progression. The sample size, although acceptable, may not detect rare ototoxic events that have been described even in small subsets of patients. Additionally, the use of conventional pure tone audiometry without more sensitive tools such as otoacoustic emissions or extended high-frequency audiometry may limit early detection of cochlear injury. Some recommendations can be made to support best clinical practice. Audiological assessment should ideally include otoacoustic emissions and extended high-frequency audiometry, which have been shown to identify early cochlear dysfunction before PTA thresholds deteriorate. Finally, future research should adopt longitudinal designs to evaluate progressive cochlear changes over time and directly compare the auditory safety profiles of different chelation agents, addressing gaps repeatedly highlighted in the existing literature.

Conclusion
The findings of this study indicate that children and adolescents with transfusion-dependent β-thalassemia demonstrated preserved auditory function across all standard audiological parameters. 
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Type A	
Control	T2D	100	100	Type B	
Control	T2D	0	0	Type C	
Control	T2D	0	0	Normal (≤15 dB HL)	
Control	T2D	100	100	Slight HL (16–25 dB HL)	
Control	T2D	0	0	Mild HL (26–40 dB HL)	
Control	T2D	0	0	Moderate or worse HL (	>	40 dB HL)	Control	T2D	0	0	
