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ABSTRACT

Introduction: Diabetes mellitus is a collection of metabolic disorders characterized by elevated 
blood sugar and abnormalities in insulin secretion and action. Previous studies have shown the 
link between hearing impairment and diabetes. But, there is a lack of literature on patients with 
diabetes mellitus type 2 for auditory temporal resolution skills. 
Aim and Objective: The aim of the current research is to assess auditory temporal resolution 
skills using Temporal Modulation Transfer Function (TMTF) in persons with diabetes mellitus 
type 2 (elevated blood sugar level) having high frequency hearing loss.
Methods: Fifteen individuals between the age of 30 to 40 years having diabetes mellitus type 2 
with high frequency hearing loss recruited for the study as a clinical group. Fifteen age matched 
normal hearing subjects with no diabetes were taken as control group. To assess the temporal 
resolution ability, TMTF tests were administered. Research design used in this study was be-
tween group design. 
Result: The 2 groups were compared using independent t-test. It showed that in TMTF task the 
diabetic group with high frequency hearing loss (clinical) performed significantly poorer when 
compared to non-diabetic group having normal hearing (control).
Overall Conclusion: It can be concluded that the reasons for having poorer performance in 
temporal resolution task in subjects with diabetes mellitus type 2 may be the changes in the 
central auditory nervous system and widening of auditory filter. The finding of the current study 
revealed that the processing at the level of central auditory system there is a deterioration due 
to impact of diabetes mellitus type 2.

KEYWORDS: Auditory temporal resolution; Auditory processing disorder; Diabetes complica-
tion.

ABBREVIATIONS: TMTF: Temporal Modulation Transfer Function; GDT: Gap Detection 
Threshold.

INTRODUCTION

Diabetes mellitus is a carbohydrate metabolism disorder which happens due to relative or 
absolute deficiency in insulin, including metabolic disturbance and various pathological 
changes in our body. It is characterized by increased sugar level in the blood, abnormalities 
in insulin action and secretion. Because of these abnormalities there is an alteration in 
carbohydrate, protein and fat metabolism. These nutrients acts as structural components and 
nourishes the cell. When these nutrients remain in the bloodstream, eventually damages micro 
and macrovascular system. Previous researchers have reported that in individuals with diabetes 
mellitus, a progressive sensory neural hearing loss bilaterally with gradual onset in which high 
frequencies are mainly affected as it is seen in presbycusis.1 It was also observed that there 
can be sudden and unilateral hearing loss with and without vestibular disorder. Researchers 
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have shown that the vasculature of endolymphatic sac has a 
significant role in pathogenesis of sensorineural hearing loss.2,3 
The vascular insufficiency of cochlea in diabetic patient is the 
main reason for hearing loss. Uncontrolled diabetes may be 
caused due to vasculopathy in stria vascularis of the cochlea. 
Previous studies have showed that, in the vascular endothelium 
there is a diffused thickening of basilar membrane which is 
known as microangiopathy.4,5 Literatures have also shown that 
microangiopathy is the main cause for hearing loss in subjects 
with diabetes mellitus6,7 and involvement of minute vessels in the 
inner ear causes hypoxia which in turn leads to hearing loss.7,8 

Maia et al9 concluded that high frequency hearing loss can be 
caused by diabetic neuropathy and microangiopathy. It was 
also found that in diabetic patients hearing loss was present at 
frequencies from 250 Hz to 8000 Hz.8 Studies have shown mild to 
moderate high frequency hearing loss and higher thresholds at all 
the frequencies in individuals with diabetes mellitus.9,10 Studies 
have observed no changes in speech discrimination outcome 
among normal population and subjects with diabetes mellitus.11 

Previous study by Bajaj et al12 in 2014 showed that in diabetic 
patients there is poor perception of speech in noise. Researchers 
have also reported that, individuals with high frequency hearing 
loss have poor speech perception in noise.13,14 In patients with 
hearing loss at higher frequencies, there is loss of audibility 
and poor frequency selectivity because of which there is a poor 
auditory processing at a given signal and poor perception of 
speech in noise.15 Various researchers have investigated the effect 
of cochlear lesion on frequency and intensity coding.16,17 Earlier 
studies have been done to check hearing and speech perception 
ability in diabetes mellitus individuals but there is a shortage of 
studies on evaluating their temporal resolution skill with high 
frequency hearing loss. Temporal resolution is the capability of 
the human hearing and listening system to track fast changes in 
the envelop of a stimulus over a period of time.18 The Temporal 
Modulation Transfer Function (TMTF) is a worthy test and cost 
effective measure to investigate auditory temporal resolution 
skill. TMTF is psychophysical method which is defined as 
the depth of modulation required to just allow discrimination 
between a modulated and an unmodulated waveform. The 
identfication of amplitude modulation (fluctuations) over time 
is a measure of temporal acuity i.e. temporal resolution ability. 
The modulation of the signal depends on the modulation rate 
or frequency (number of modulations per second). Whereas, 
modulation depth gives information about the amplitude 
modulation. This gives the information on listening sensitivity 
of a person to detect the amplitude modulation. Modulation 
depth can be expressed in terms of decibels or percent i.e., 0 
dB corresponds to 100%. The Gap Detection Threshold (GDT) 
is another test for temporal resolution. GDT is the ability of an 

individual to detect the shortest duration of gap in the given 
signal.19 Previous researchers have used GDT to study cortical 
lesion.20 Musiek et al21 showed that GDT is an important measure 
in the evaluation of temporal resolution deficit in cortical as 
well as brainstem lesions. Therefore, current study is aimed at 
comparing auditory temporal resolution skill in subjects with 
diabetes mellitus with high frequency hearing loss and age 
matched normal hearing subjects. The foremost objective of the 
current study is to investigate TMTF in individuals with diabetes 
with high frequency hearing loss (experimental group) and age 
matched normal hearing individual (control group).
 
MATERIALS AND METHODS

Participants

Totally there were 30 participants participated in this study. Prior 
to the test administration all the participants were informed oral-
ly and written consent was taken. The participants were divided 
into 2 groups (experimental and control). There were 15 par-
ticipants (10 males and 5 females) with diabetic mellitus in the 
experimental group with the age range of 30 to 40 years (mean 
age of 36.2 years). Research design used in this study was be-
tween group design. All the subjects of experimental group were 
having diabetic mellitus type 2 for minimum of 5 years (mean 
duration of 6.92 years). The subjects those who had a complaint 
of hearing loss after diabetes mellitus type 2 were taken as an 
experimental group. The subjects in experimental group were 
having decreased hearing sensitivity (mild to moderate degree) 
in both ears and the pure tone thresholds were higher than 15 
dBHL at 2 kHz, 4 kHz and 8 kHz with normal hearing sensitivity 
at 250 Hz, 500 Hz and 1000 Hz. Normal middle ear functioning 
was indicated by ‘A’ type of tympanogram with no of acoustic 
reflexes at 2000 Hz and 4000 Hz for both the stimulation (ipsi-
lateral and contralateral).

 The diagnosis of diabetes mellitus was confirmed by 
a physician based on the blood glucose measurements includ-
ing average blood sugar level over the previous three months 
(HbA1C testing), along with fasting plasma glucose and oral 
glucose tolerance test of all subjects as shown in Table 1.

 Whereas control group consists age matched 15 non-
diabetic individuals (10 males and 5 females) in the age range of 
30 to 40 years (mean age of 35.3 years). The reason for taking 
participants in the age range of 30 to 40 years was to avoid the 
effect of age related hearing loss on outcomes. Control group 
consists the subjects with normal hearing sensitivity at all oc-
taves in both air conduction (250 to 8000 Hz ) and bone conduc-

HbA1C
(%)

Fasting Plasma Glucose
(mg/dL)

Oral Glucose Tolerance
(mg/dL)

Diabetes Mellitus Type 2 7.3 156.4 219.7

Non-Diabetic 4.2 80.2 103.7

Table 1: Average blood sugar level over the previous three months (HbA1C testing), fasting plasma glucose and oral glucose 
tolerance test of all subjects.

*HbA1C-Hemoglobin A1c
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tion (250 to 4000 Hz) mode. All the participants in this group 
should must have normal middle ear functioning with A type 
tympanogram with presence of acoustic reflex at 500 Hz, 1000 
Hz, 2000 Hz and 4000 Hz. Both the groups exhibited absence 
of other otological, neurological and neuromuscular symptoms. 
The data collection was done at All India Institute of Speech and 
Hearing, Mysuru, Karnataka within a period of 6 months. All 
procedures performed in studies involving human participants 
were in accordance with the ethical standards of the All India 
Institute of Speech and Hearing ethical committee and with the 
1964 Helsinki declaration and its later amendments or compa-
rable ethical standards.

Environment

All the psychophysical tests were carried out in a sound treated 
room, as per the standards of ANSI S3.1 (1991).

INSTRUMENTATION

Pure tone audiometry was done using a calibrated double channel 
clinical audiometer (Madsen MA-53). Calibrated GSI-TympStar 
Immittance meter was used for tympanometry and reflexometry. 
A personal laptop with Matlab software was used for TMTF. 

Procedure

Pure tone thresholds air conduction (250 Hz to 8000 Hz) and 
bone conduction (250 Hz to 4000 Hz) were obtained using mod-
ified Hughson and Westlake procedure given by Carhart and 
Jerger in 1959.22 Using a calibrated middle ear analyzer (GSI-
Tympstar), tympanometry at 226 Hz probe frequency and acous-
tic reflexes thresholds (ipsilateral and contralateral) at 500 Hz to 
4000 Hz were obtained.

 In TMTF, 2 types of stimuli were used in the study i.e. 
sinusoidal amplitude modulated and unmodulated white noise 
bursts of 500 ms duration with 20 ms ramp. Stimuli were pre-
pared using a 32 bit digital to analog converter having a sam-
pling frequency of 44.1 KHz and cut off frequency of 220 Hz. 
The stimuli were then filtered using low pass filter. Variation in 

the amplitude of modulating sine wave was used to control the 
depth of modulation. The range of modulation depth was varied 
from 0 to -30 dB (-30 dB represent 0% modulation and 0 dB rep-
resent 100% modulation) with different modulation frequencies 
(4 Hz, 8 Hz, 16 Hz, 32 Hz, 64 Hz, and 128 Hz). Test stimuli were 
presented through a calibrated headphone routed from double 
channel audiometer which was connected with personal laptop 
having Matlab 2011 software. The stimuli was presented at 40 
dBSL (comfortable level) for all participants. The subject task 
was to identify the modulated stimuli from a group of 3 stimuli 
which includes 2 unmodulated and one modulated noise bursts. 
Three interval forced choice method was used. In each trial, 
unmodulated and modulated stimuli were presented with an in-
terstimulus interval of 500 ms. Feedback was given after every 
correct or wrong response on the computer screen. Modulation 
depth was changed into decibels 20 log 10(m), where ‘m’ refers 
to modulation depth. Initially 4 db step size was used and later it 
was decreased to 2 db steps after first two reversals. This method 
gives an estimate value of amplitude modulation necessary for 
70.7% estimate of correct responses. The mean of eight reversals 
in a block of 14 was taken as threshold.

STATISTICAL ANALYSIS

Descriptive statistics was done to find mean and standard devia-
tion for TMTF for both the groups. The 2 groups (experimental 
and control) were compared using independent t-test for TMTF.

RESULTS

In the present study, all the participants underwent Temporal 
Modulation Transfer Function test. The data was analyzed using 
SPSS software (Version 18). 

Temporal Modulation Transfer Function (TMTF) Test

TMTF test was done for both the groups. Mean and standard 
deviation (SD) of TMTF threshold is shown in Table 2. Descrip-
tive statistical analysis revealed that TMTF threshold was better 
(lower) for group-2 when compared to groups-1. Figure 1 repre-
sent graphical presentation of the outcome.

Figure 1: Graphical representation of mean values of temporal modulation transfer function 
(TMTF) for group 1 (Experimental) and groups 2 (Control).
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 To compare TMTF thresholds between these 2 groups 
independent t-test was administered. The statistical analysis 
revealed significant difference between the 2 groups (t=-7.82; 
df=28; p<0.05).

 TMTF was assessed for 6 different modulation fre-
quencies (4 Hz, 8Hz, 16 Hz, 32 Hz, 64 Hz, and 128 Hz), for 
both the groups i.e. experimental and control. Table 2 showed 
the descriptive statistics (mean & SD) of the TMTF for all the 
six modulation frequencies across the two groups. The same 
are graphically depicted in Figure 1. It was observed from the 
graph that the experimental group performed poorer in TMTF 
task compared to control group. Both the groups modulation de-
tection thresholds were worsened as the modulation frequency 
increased.

 Independent t-test was administered to compare the pa-
rameters across two groups. It revealed statistically significant 
difference for 4 Hz (t=-4.70; df=28; p<0.05), 8 Hz (t=-3.55; 
df=28; p<0.05), 16 Hz (t=-4.59; df=28; p<0.05), 32 Hz (t= -3.63; 
df=28; p<0.05), 64 Hz ((t=-7.15; df=28; p<0.05) and 128 Hz(t=-
5.22; df=28; p<0.05).

 The results showed that there is statistically significant 
difference between the scores of the 2 group at all modulation 
frequencies i.e.4 Hz, 8 Hz, 16 Hz, 32 Hz, 64 Hz and 128 Hz. 
Group-1 (experimental) showed poorer performance compare 
group-2 (control) at 5% level of significance.

DISCUSSION

The result of the current study showed poor auditory tempo-
ral resolution ability in individuals with diabetes mellitus type 
2 having high frequency hearing loss when compared to their 
age-matched non-diabetic subjects having normal hearing. The 
results of sent TMTF threshold across the 2 groups showed sta-
tistically significant difference for the modulation frequencies 
like 4 Hz, 8Hz, 16 Hz, 32 Hz, 64 Hz and 128 Hz. However, 
present study showed an increased magnitude of deterioration 
in temporal resolution as modulation frequency increased. In the 
present study, it was also observed that as the modulation fre-
quencies increase it requires more modulation depth to complete 
the task in both Group-1 and Group-2. But overall threshold on 
the TMTF was elevated for the diabetic individual with high fre-

quencies sensorineural hearing loss compared to age matched 
non-diabetic subjects having normal hearing. Elevated threshold 
on TMTF at higher modulation frequencies could be because the 
task is more challenging at high frequencies and as band pass 
filter at high frequencies region uses requires more depth in the 
signal spectrum to detect.

 Current study showed that, in temporal resolution task 
the patients with diabetes mellitus performed poor which re-
vealed certain degeneration in the central auditory processing 
system. Earlier literature on rats and diabetic patients showed 
hearing disorder mainly because of edema in stria vascularis, 
decrease in number of outer hair cells and spiral ganglion.23-25 In-
creased thresholds at high frequencies revealed that the cochlear 
regions may have been damaged due to angiopathy in the stria 
vascularis and spiral ligament, edema of stria vascularis which 
in turn leads to reduced intensity and frequency coding.16,26,27 A 
study on auditory brainstem response in individuals with dia-
betes revealed poor response with prolonged latencies of wave 
III, V and also prolonged latencies of inter-peak III-V, I-III and 
I-V at 90 dB presentation level28 which showed that there is a 
participation of the relay station of different order neuron in the 
central auditory nervous system. The current study results are in 
support with the study done by McCrimmon et al29 in 1997 in 
which they have also found poor temporal resolution skill in dia-
betes mellitus patients. Sommerfield in 2003 also revealed sig-
nificantly poor results in the tests of immediate visual and verbal 
memory at the time of hypoglycemia.30 The impact of hypogly-
cemia was found to be more profound on working and delayed 
memory. Present study also supported by Strachan et al31 2003 
reported adverse effects of acute hypoglycaemia on sensory in-
formation processing in adults with diabetes. McAulay in 2006 
investigated attention functioning in individuals with diabetes 
mellitus type 1. The result showed hypoglycemia caused a sig-
nificant damage in tests sensitive to visual and auditory selective 
attention.32 An experiment done by Gold et al33 reported signifi-
cant reduction in cognitive function in individuals with hypo-
glycemia. It was also observed that hypoglycemic seizures had 
reduce in scores on tests assessing memory skills including short 
term memory and memory for words.33 The finding of current 
study revealed poor temporal resolution ability in individuals 
with diabetes mellitus may due to broadening of auditory filter 
and changes in the central auditory nervous system. Sanju and 
Kumar34 also suggested annual audiological evaluation in indi-

Modulation frequencies

Groups

Group 1 (Experimental) Group 2 (Control)

Mean SD Mean SD

4 Hz -21.81 1.23 -25.54 1.33

8 Hz -19.15 1.03 -23.14 1.59

16 Hz -17.96 1.18 -20.66 1.34

32 Hz -10.97 1.04 -14.42 1.04

64 Hz  -7.01   0.45  -7.54 0.95

128 Hz -6.02 0.51 -6.65  0.38

Table 2: Mean and SD of temporal modulation transfer function (TMTF) for group 1 (Experimental) 
and group 2 (Control).
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vidual with diabetes mellitus. Recently, Mishra et al35 in 2015 
also reported poor temporal resolution skill in individual with 
diabetes mellitus. Less number of participants is the limitation of 
the present study. Lack of a group of diabetes mellitus without 
hearing loss is another limitation of the current study. In future, 
researchers can compare temporal resolution ability in individu-
als with diabetes mellitus with and without hearing loss.

CONCLUSION
 
Current study outcome revealed poor temporal resolution abil-
ity in subjects with diabetes mellitus type 2. Because of poor 
temporal resolution skill, there may be poor speech perception 
in quiet as well as noise in these individuals. It is not the work of 
an audiologist or otolaryngologist to diagnose and treat diabetes. 
But, audiologist and otolaryngologist should give time to take 
detail case history of diabetic patient and medication they are 
taking. Annual evaluation by other professionals like podiatrist, 
cardiologist, ophthalmologist and others are considered to be a 
standard care for individuals with diabetes mellitus. To add on to 
this list an audio logical evaluation should be done annually. The 
findings of the current study reveal that there is an adverse effect 
of diabetes mellitus type 2 on the central auditory processing, 
especially on temporal processing. So, it can be recommended to 
screen all the individuals with diabetes mellitus for temporal res-
olution test to understand the underlying mechanism of speech 
perception in noise. In future further research should be con-
ducted by researchers to study the effect of other central auditory 
processing abilities on diabetes mellitus as auditory discrimina-
tion in background noise, speech perception in noise, binaural 
integration, binaural separation, auditory attention and memory. 
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