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ABSTRACT

Background: The prevalence of diabetes mellitus is growing worldwide. Type 2
Diabetes Mellitus (T2DM) can lead to damage to various organs by affecting the intricate
nerve and blood vessel systems in the body caused by hyperglycaemia, including the
auditory neural pathway.

Purpose: This study aimed to assess the auditory neural function of adults with T2DM
by means of Auditory Brainstem Responses (ABR) with various stimulation rates,
presenting with normal behavioural audiometric thresholds.

Research Design: Cross-sectional comparative study of ABR latencies and amplitudes
and the impact of various stimulation rates in T2DM participants when compared to
gender and age-matched controls without diabetes.

Study Sample: Sixty participants, thirty with T2DM and 30 without T2DM were recruited
and gave informed consent. The thirty T2DM participants aged 20-60 years were
recruited from three clinics including two private and one public tertiary clinic. The
control group consisted of thirty healthy age and gender-matched volunteers.
Behavioural audiometry was performed to ensure a normal pure tone average (< 25 dB
HL).

Data collection and analysis: The Interacoustics Eclipse Auditory Evoked Potentials
(AEP) system was used for the ABR measures which were analysed using linear mixed
models. Data consisted of latencies and amplitudes of wave I, lll and V and interpeak
latencies of I-111, 1lI-V and |-V of the 31.1 Hz rate. Wave V latencies and amplitudes for
the 45.1 and 61.1 Hz stimulation rates were also measured.

Results: Wave lll latency at 31.1 was significantly delayed in those with T2DM
compared to the control group (p<0.05). Participants with T2DM presented with
prolonged wave V latencies at the faster stimulation rates than those without T2DM, but
the shift was not statistically different between groups. Diabetes status had no
moderating effect of wave V latency at the different stimulation rates.

Conclusion: The results identified that the rate study was not affected by any
confounding variables such as diabetes status and glucose level. However, the
subclinical neurophysiological pathology, specifically at the level of the brainstem, as
demonstrated by the delay in wave Ill, may be at least part of the reason for complaints
relating to bilateral hearing difficulties in noise

Keywords: Diabetes Mellitus, Type 2 Diabetes Mellitus, Auditory Brainstem Response,
rate study, Auditory neural

Vi



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
@ YUNI

1
NIBESITHI YA PRETORIA

LIST OF ABBREVIATIONS

ABR Auditory Brainstem Response
AEP Auditory Evoked Potentials
daPa Dekapascal

dB HL Decibel Hearing Level

dB nHL Decibel normal Hearing Level
dB SPL Decibel Sound Pressure Level
DM Diabetes Mellitus

FPG Fasting Plasma glucose

Fpz Midline Low Forehead

Fz Midline High Forehead

Hz Hertz (frequency)

IQR Inter-Quartile Range

kOhm Kilohm

M1 Mastoid left

M2 Mastoid right

MV Microvolt
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OGTT Oral Glucose Tolerance Test
peSPL peak equivalent Sound Pressure Level
PTA Pure Tone Average

SD Standard deviation

T2DM Type 2 Diabetes Mellitus

™ Tympanic Membrane
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CHAPTER 1: INTRODUCTION

1.1. Diabetes Mellitus related complications

Diabetes Mellitus is a common metabolic disease which results in numerous medical
complications due to damage, dysfunction and failure of various organs (American
Diabetes Association (ADA), 2014, de David, Finamor, & Buss, 2018). Diabetes Mellitus
cases can be distinguished into two broad subtypes depending on the cause of excess
glucose in the bloodstream, otherwise known as hyperglycaemia (American Diabetes
Association (ADA), 2014).

Type | Diabetes Mellitus, also known as insulin-dependent diabetes, is caused by a
deficiency of insulin secretion by the beta cells in the pancreas (de David et al., 2018).
The second and most common is Type 2 Diabetes Mellitus (T2DM), also previously
referred to as non-insulin-dependent diabetes. Metabolic control for those with T2DM can
usually be achieved by proper diet, physical exercise and use of accompanying oral
hypoglycemic agents in severe cases (de David et al., 2018). This subtype is caused by
insulin resistance of the peripheral cells, insulin secretion deficiency or a combination of
both (ADA, 2014; de David et al., 2018; Martin et al., 1992).

According to the International Diabetes Federation (IDF) (2017) 425 million people were
living with diabetes in 2017 with an estimated increase of up to 629 million by 2045. In
addition to this, the number of South African adults living with DM is estimated to rise from
5.4% to 6.1% in the same time frame (IDF, 2017). The increase of population size,
urbanization, age, obesity and lower physical activity has led to a higher prevalence of
diabetes mellitus within South Africa, adding to the global burden of disease (Hlayisi,
Petersen, & Ramma, 2018; Wild, Roglic, Green, Sicree, & Hilary, 2004). However even
with these growing numbers, there is still a high level of uncertainty of the statistics- as
an estimated 84.8% of South Africans remain undiagnosed, and more alarmingly,
untreated (Cardiovascular Diabetes Education (CDE), 2016; Hlayisi et al., 2018). These
current statistics suggest concerns for both hearing healthcare practitioners and the
South African health system as the association between DM and hearing loss, with on-
going discussion about the configuration and degree thereof, causes a higher need for
early identification and proper treatment in addition to existing health-related issues of
T2DM (Calvin & Watley, 2015; Hlayisi, Petersen, & Ramma, 2018; Hong, Buss, &
Thomas, 2013; Karabulut et al., 2014; Krishnappa & Naseeruddin, 2014; Mitchell et al.,
2009).

The majority of DM studies focus on hyperglycaemia as the leading cause for angiopathy,
also known as a disease of the blood vessels (Fowler, 2008). Angiopathy associated with
diabetes causes macro- and microvascular complications. Macrovascular complications

2
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include arterial walls narrowing which leads to complications such as heart disease (ADA,
2014; de David, Finamor, & Buss, 2018; Fowler, 2008). Microvascular complications, or
damage to small blood vessels, lead to retinopathy (eyes), nephropathy (kidneys),
peripheral and autonomic neuropathy which includes the nervous system (ADA, 2014; de
David et al., 2018; Hlayisi et al., 2018). This effect on the intricate nerve and blood vessel
system in the body could lead to a higher possibility of more organs being affected by
DM, not only those with more visible symptoms such as the auditory system (de David et
al., 2018). This increases the chances of those with T2DM to develop hearing impairment
throughout their lives in addition to any other medical implications.

1.2. Effects of Type 2 Diabetes Mellitus on the auditory system

The reason for the degeneration of the auditory function in T2DM patients is not fully
understood (Hong et al., 2013). The most probable explanation can be derived from the
damage to the cochlear and retrocochlear structures, such as the vestibulocochlear
nerve, due to minor glycaemic variations leading to unstable inner ear function (Cayénu,
Capraz, Acar, Altundag, & Salihoglu, 2014; de David et al., 2018; Mahallik, Sahu, &
Mishra, 2014). According to de David et al., (2018), the small blood vessels in the auditory
system are mostly affected by the physiological changes which supply the integral
structures with the necessary chemical balance for proper function. In addition, the inner
ear has no energy reserves and these small metabolic changes could lead to decreased
oxygenation of the hair cells, spiral ganglion atrophy, eighth nerve myelin sheath
degeneration and decreased nerve fibres in the spiral blade (de David et al., 2018).

Along with the complexity of understanding the cause of the degeneration within the
auditory system, various assessment methods were used for the identification thereof
(Hong et al., 2013). In the past, the assessment was limited to the use of pure tone
audiometry. However, a greater need exists for a measure of subclinical hearing changes
to identify damage of the 8th cranial nerve before symptoms of hearing loss occur as
supported in the conclusions of de David et al., (2018), de Ledn-Morales, Jauregui-
Renaud, Garay-Sevilla, Hernandez-Prado, & MalacaraHernandez, (2005), Durmus,
Yetiser, & Durmus, (2004) and Hong et al., (2013). These subclinical hearing changes or
undetected hearing loss could lead to a decrease in the overall quality of life especially
with regards to social interaction and communication function (Nakajima, Kanda,
Hosobuchi, & Suwa, 2014). However, more research is still needed to fill the void of the
sensitivity of these measures used for identification of subclinical hearing loss in patients
with T2DM (Durmus et al., 2004; Hong et al., 2013).
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1.3. Type 2 Diabetes Mellitus and Auditory Brainstem Response
measures

Auditory Brainstem Responses (ABR) is a non-invasive measurement used for the study
of the electrical potentials evoked in the auditory neural pathway in response to acoustical
stimuli (Siddiqi et al., 2013; Sushil, Muneshwar, & Afroz, 2016). The ABR wave is
dominated by several peaks, with wave |, lll and V being the most reliably recorded for
clinical use. Each of the waves corresponds to a specific neural generator within the
auditory neural pathway. Figure 1 shows how the specific wave can be designated to a
site in the auditory neural pathway specifically wave | being the distal part of the acoustic
nerve, wave lll the superior olivary complex and wave V the inferior colliculus (Siddigi et
al., 2013).
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Figure 1: ABR wave morphology and latencies in a normal hearing participant
(Siddiqi et al., 2013)

These five ABR peaks are obtained by the use of various stimulus and acquisition
parameters, one of which is the stimulation rate (Hall 11l & Mueller 11l, 1997; Takkar et al.,
2015). The amplitudes of these peaks can vary among the populations however, the
latencies of the ABR peaks are stable in normal hearing individuals when using the
standard ABR testing protocol, with wave V being the most robust (Hall 11, 2007; Hall 1lI
& Mueller I, 1997; Siddiqi et al., 2013; Takkar et al., 2015). The interpeak latencies of
wave I-llI, 11I-V and I-V give an indication of the auditory neural pathway from the level of
the brainstem to the midbrain. Any increase of the absolute and interpeak latencies could
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indicate possible changes within the auditory system at the specifically involved neural
generators, such as the vestibulocochlear nerve and other brainstem and/or midbrain
centers (Ackley, Herzberger-Kimball, Burns, & Balew, 2012; Siddigi et al., 2013; Takkar
et al., 2015).

The significance of ABR’s in the subclinical identification of hearing loss with T2DM
patients was the focus of a study done by Durmus et al., (2004). The study compared
three groups of, normal hearing participants namely; those with Type | Diabetes Mellitus,
T2DM and a control group without Diabetes Mellitus. A significant prolongation of ABR
absolute latencies of waves I, lll and V were identified in the diabetic participants when
compared to the control group. However, between the two diabetic groups, only the
absolute latencies of waves Il and V were significantly more delayed for the T2DM group.
The interpeak latencies of waves I-V and IlI-V between the control group and the diabetic
groups were identified to be significantly prolonged (Durmus et al., 2004). These
increases of wave latencies for normal hearing diabetic participants led the researchers
to conclude that the use of standard protocol ABR results, without any additions such as
rate changes, may identify patients with diabetes who are at risk of developing subclinical
central hearing impairments. In addition, Durmus et al., (2004) mention a latent period of
detectible permanent hearing impairment and the importance of identifying 8th cranial
nerve damage with the use of ABR measures. The inclusion of various stimulation rates,
and the resulting decreased neural recovery time will lead to greater sensitivity and
possible earlier detection of small neurological changes, especially for those with
controlled blood glucose levels (Hood, Linda, 1998).

Closely related to this is the study by Mahallik et al., (2014) that supports the presence of
ABR absolute and interpeak latency prolongations within the age group of 25 to 45year-
old normal hearing adults with T2DM when compared to age-matched healthy
participants. Wave | absolute latencies and llI-V interpeak latencies in both ears were
significantly delayed. The right ear ABR results also indicated a prolongation of wave V
absolute latency and all the interpeak latencies. The left ear, however, showed wave Il
absolute latencies and interpeak latencies of wave’s I-lll and |-V to be prolonged. As with
Durmus et al., (2004), they found that the degeneration in the auditory system seems to
be more central than peripheral and that the neural conduction within the participants with
T2DM’s auditory system slows down before any noticeable hearing implications are
reported.

De Ledn-Morales et al., (2005) also identified an increase of the interpeak latencies for
[11-V and I-V and the absolute wave V latency for 94 diabetic patients when compared to
a healthy control group. These patients were within £50 years of age and included both
men and women. However, the T2DM participants did present with mild high frequency
hearing losses which differ from those mentioned in Durmus et al., (2004) and Mahallik

6
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et al., (2014) who had hearing levels below 20dB. The group with diabetes in this study
had blood glucose levels corresponding to the uncontrolled blood sugar level group of
Sushil et al., (2016). Sushil et al., (2016) studied 60 patients with T2DM which were
divided into two groups based on whether their blood sugar levels were controlled or
uncontrolled. The participants were between the ages of 35 to 50 years and included both
genders. Both groups had equal latencies for wave | but a significant delay was observed
for wave Il and Ill absolute latencies and the interpeak latencies for wave’s I-1ll in the
uncontrolled blood glucose group. As with the diabetic group of the previous study, the
uncontrolled group also presented with delays of interpeak latencies for wave’s IlI-V and
I-V and the absolute latency of wave V (de Ledn-Morales et al., 2005; Sushil et al., 2016).
These prolongations support the risk T2DM patients have for developing later hearing
impairments caused by the changes in the auditory neural pathway which specifically
relate back to the nerve functioning (Durmus et al., 2004).

Another study focused on 126 T2DM diagnosed adult males and 106 age-matched
healthy participants (Gupta et al., 2013). All the participants also had normal peripheral
hearing sensitivity. The researchers found that the T2DM group aged 35 to 50 years
showed prolongation of absolute ABR latencies of wave Il and V and interpeak latencies
of IlI-V and I-V. These prolongations of the ABR latencies in normal hearing adults
support changes within the neural functioning of the auditory neural pathway caused by
T2DM and match the findings of Durmus et al., (2004) and Mahallik et al., (2014). Ren et
al., (2009) had T2DM participants who presented with a mild high frequency hearing loss
when tested behaviorally. As with the above-mentioned studies the patients were within
the age range of +40 years and included 50 healthy participants and 50 T2DM
participants. As with de Ledn-Morales et al., (2005) and Gupta et al., (2013), a
prolongation of the absolute latency for wave V and interpeak |-V latency was observed
for patients with T2DM. However, both de Ledon-Morales et al., (2005) and Ren et al.,
(2009) mentioned the use of two stimulation rates one below 30 Hz (11.1) and the other
above at 67.4 Hz and 80.1 Hz respectively for but made no mention as to which of the
two was reported on.

Siddigi et al., (2013) reported an increase of absolute and interpeak latencies for
participants 30 years and older. The prolongations were observed at various
suprathreshold intensities and there was no perceptual hearing loss mentioned for any of
the 25 T2DM or 25 healthy participants. At all the intensities there was a prolongation in
the absolute wave Il and V latencies and interpeak latencies of I-lll, I-V and IlI-V.
Throughout all studies, there was a delay of all absolute and interpeak ABR latencies for
T2DM participants. These delays indicate the changes in the neural generators involved
with each of these waves and carry a risk for later hearing impairments (Durmus et al.,
2004; Ren et al., 2009; Takkar et al., 2015).
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1.4. Rationale

The studies discussed above were reported with the use of a standard ABR protocol. For
the current study, there was a specific focus on the use of various stimulation rates. Slow
stimulation rates used with the standard ABR protocol is used for better wave morphology
(Hall 11, 2007). Takkar et al., (2015) reported no significant delay in any of the ABR
latencies when using a standard, slow stimulation rate. The researchers attributed the
lack of latency delay to the good glycaemic control of the participants in the study (Takkar
et al., 2015). However, it can be hypothesized that a faster rate could have increased the
sensitivity for identifying a possible minor retrocochlear pathology, caused by the T2DM
even with good glycaemic control (Ackley et al., 2012; Cayonu et al., 2014; Hall IlI, 2007;
Mabhallik et al., 2014). This could be due to the decrease in time the auditory nervous
system has for neural recovery thus causing a greater delay in the ABR latencies (Ackley
et al., 2012).

The important role ABR measures play in identifying individuals with T2DM who have
prolonged ABR latencies with no perceptual hearing loss have been thoroughly
discussed. However, the addition of a rate study to the standard ABR protocol may afford
greater sensitivity to auditory neurological degeneration, specifically regarding T2DM and
its effects on the auditory neural components. An increased stimulation rate leads to
decreased neural recovery time, and may result in a delay in wave V latency with the use
of faster stimulation rates as the auditory nervous system is already burdened by
pathology (Ackley et al., 2012). Zakaria, Wahab, & Awang (2017) also reported that no
correction is necessary for older aged participants as commonly found in the T2DM
population with the use of a rate study. To date, there are no previous studies that
evaluated the effect on increased stimulation rate on adults with T2DM (Ackley et al.,
2012). As T2DM is a growing worldwide the importance of including the ABR assessment
with rate studies as part of the standard diabetes health monitoring has become of great
importance to us as hearing health care professionals. Thus, the aim of the current study
was to assess the auditory neural function of adults with T2DM and normal behavioural
audiometric thresholds, by means of ABR’s with various stimulation rates.
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CHAPTER 2: METHODOLOGY

2.1. Research aim

The main aim of this study was to assess the auditory neural function of adults with Type
2 Diabetes Mellitus, presenting with normal behavioural audiometric thresholds, by
means of Auditory Brainstem Responses with various stimulation rates.

2.2. Research design

The research was descriptive in nature regarding the ABR latencies and the impact of
various stimulation rates in T2DM participants when compared to non-diabetic gender and
age-matched adults (Babbie & Mouton, 1998). The research process was a Cross-
sectional study design with within-subject repeated measures (Morris & DeShon, 2002).
Numerical information, the ABR wave latencies, was obtained and therefore a quantitative
data analysis method was used for this research study.

2.3. Objectives of the study
e Asses auditory neural function of normal hearing adults with standard ABR rate
e Use of rate study to determine sensitivity with regards to identification of subclinical
hearing impairments

2.4. Ethical considerations
2.4.1. Permission

Before data collection commenced ethical clearance was applied for from the Research
and Ethics Committee at the Department of Speech-Language Pathology and
Audiology. Once departmental clearance was obtained, application for ethical approval
was completed and granted by both the Research Ethics Committee of the Faculty of
Health Sciences (Appendix A) and the Research Ethics Committee of the Faculty of
Humanities (Appendix B). The ethical clearance from the above mentioned faculties was
made available to the Diabetes Clinic at Steve Biko Academic Hospital (SBAH)
(Appendix C, D & E), Dr Frans Erasmus Diabetic Clinic (Appendix F & G) and Drs.
Joynt, Venter & van Rensburg and associates at Park Medical Centre (Appendix H & I)
and permission from these various clinics and hospitals were granted to carry out the
study and also gain access to their patient records when needed. The structure and
procedures of the study were in accordance with the Declaration of Helsinki (last
updated in October 2013) which guides researchers in biomedical research involving
human subjects (Appendix J).

2.4.2. Informed consent

All potential participants, for the experimental and control group, were asked to sign a
written informed consent (Appendix K & L) in English before any further participant
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selection or experimental procedures were conducted. Any participation in the study was
on a voluntary basis and participants were also made aware thereof. Each participant
received verbal and written information on what the study entailed and their rights
throughout the research process which included their right to withdraw from the study at
any time without any negative consequences (Balnaves & Caputi, 2001). Participants
were required to be literate and read and understand English, if the participant was not
able to understand the researcher, due to language differences, the researcher either
changed languages if able to or asked the assistance of a willing staff member to explain
the information letter for better clarification of the research study or the participant was
not included in the study population. The information was presented in terminology that
the participant understood.

2.4.3. Confidentiality and anonymity

Confidentiality of all participants’ identity and personal information was assured (Gravetter
& Forzano, 2012). Participants were provided with a unique alpha-numeric code (e.g.
001A) to ensure anonymity during the entire research process and for recording data
regarding a specific participant (Appendix M & N). The participants’ identity was only
known by the researcher. All personal information revealed during the testing sessions
was kept in the strictest confidence.

2.4.4. Avoidance to do harm
The researcher took all the necessary steps to ensure that none of the participants was
exposed to any physical or emotional harm (Gravetter & Forzano, 2012). Careful
considerations were taken to ensure that all objective measures and blood glucose
assessment were conducted quickly and accurately to ensure the participants were not
fatigued or discomforted excessively due to testing procedures. Participants were
encouraged to sleep during ABR assessment to decrease myogenic interference and
decrease testing time. Those who did not fall asleep were given auditory breaks between
each rate to ensure the least amount of auditory discomfort. According to the World
Health Organization (WHO) (2014), the maximum amount of time during the day for
exposure to 80 dB is 25 hours for safe listening. As the current study set out to assess
each participant within 1 and %2 hours the exposure time was still well within the safe
listening timeframe.

2.4.5. Honesty

Participants were given access to their own test results (Appendix O) and the results of
the study upon completion. The study was submitted to be published as an article in a
scientific peer-reviewed journal with acceptance pending (Nov 2018). The results were
presented in the form of a master’s degree dissertation. Data is being stored
electronically on a compact disk (CD) at the University of Pretoria’s Department of

11



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qus® YUNIBESITHI YA PRETORIA

Speech-Language Pathology and Audiology (Appendix P). The study was supervised
and reviewed by two internal supervisors (Dr Biagio de Jager and Prof. Paul Rheeder).

2.4.6. Plagiarism

The study and written report of the study was the researchers own original work. All
secondary material cited was carefully acknowledged and referenced according to APA
referencing guidelines. The study adheres to the University of Pretoria policy on
plagiarism. A declaration of originality can be found in Appendix Q.

2.4.7. Reliability and Validity
Reliability and validity were ensured by the following features of this research study:

* The use of objective testing procedures for data collection.

* The subjective interpretation of the ABR results was compensated for by the use of
two independent professionals who were consulted with regards to the marking of
wave point information.

+ Testing environments and conditions were the same for all participants.

* The use of the same testing equipment for all participants throughout the study.

« All equipment used for both participant selection and data collection has been
calibrated prior to the start of data collection (Latest calibration 22/03/2018).

» The testing procedures were kept the same for all research participants.

* To ensure accuracy, all participants received the same instructions which were easy
to understand.

2.4.8. Bias

Tympanometry and reflexes are objective tests which were therefore not influenced by
tester or participant bias. The ABR interpretation is subjective and tester bias was
compensated by consulting two independent professionals in addition to the researcher.
They assisted in the process of marking the ABR wave.

2.4.9. Anticipated Benefits

Taking part in the research study did not benefit the participants directly, but the results
obtained assisted the researchers in better determining the auditory neural function of
individuals with Type 2 Diabetes Mellitus compared to healthy participants. If any
audiological problems were identified in the participants they were provided with the
written results and a referral letter for further diagnostic assessments and management
should they wish to do so.
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2.5. Participants

The current study made use of a non-probability purposive sampling technique in the
identified population at a Diabetics Clinic. These participants were diagnosed with T2DM
either at the clinic or elsewhere. A power analysis (Appendix R) indicated a minimum
sample size of 30 participants in each group which allowed the detection of differences
between 1 and ¥ standard deviation with 80% power and alpha set at 0.05. It will also
detect a difference in proportions of 20% or more. Gender distribution was 60% and 40%
for females and males respectively. The diabetic participants were recruited from the
Diabetic Clinic at Steve Biko Academic Hospital, Dr Frans Erasmus Diabetic Clinic or Drs.
Joynt, Venter & van Rensburg and associates at Park Medical Centre. The data collection
took place between February-May 2018.

2.6. Test environment and testing personnel

The tests and procedures were all conducted by the researcher as the primary author of
this study. Testing was conducted in a quiet room at the various hospitals or clinics for
the T2DM participants and at the Department of Speech-Language Pathology and
Audiology for control group participants. There were no concerns regarding noise or
electrical artefacts while testing.

2.7. Participant selection criteria

Participant selection procedures (described in 2.7.2) were used to determine if the
participants have normal hearing and fit the following selection criteria explained in table
1, table 2 and table 3:

Table 1: Participant selection criteria: Inclusion for experimental group

Inclusion criteria and rationale

Criteria Rationale

Participants diagnosed with T2DM were included based The criteria for the diagnoses of T2DM according to the
on the diagnostic criteria of the American Diabetes ADA, (2014) is as follow:

Association (ADA, 2014). » Fasting Plasma Glucose (FPL) level higher or equal

to 126mg/dL (7.0 mmol/L)

*  Two hour- 200 mg/dL or higher plasma glucose level
during an Oral Glucose Tolerance Test (OGTT).

* Random plasma glucose level of 200mg/dL (11.1
mmol/L) or higher for patients with symptoms of a
hyperglycaemic crisis.

Age range between 20 and 60 years. The highest risk of T2DM is within this age range of 40-
60 years (Cherney, 2016; de David et al., 2018). Most
commonly T2DM is diagnosed during this age as many
patients do not typically present with hyperglycaemia
symptoms when younger; however, with greater
awareness of T2DM and better identification some
participants might be of younger age.
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Normal behavioural hearing thresholds obtained with pure
tone audiometry.

Participants were only included if they had a Pure tone
average (PTA) better than 25dB HL where a slight
hearing loss might be present, but speech understanding
was not reportedly affected as determined by subjective
opinion of each participant during the interview. This cut-
off level together with a three frequency PTA (0.5, 1,
2kHz) was used as a majority of the participants in this
study could have a possible age-related hearing loss
which affects the high frequencies and could already
present with some degree of decreased hearing function
(Hlayisi et al., 2018).

Table 2: Participant selection criteria: Inclusion for control group

Inclusion criteria and rationale

Criteria

Rationale

Participants with no T2DM.

To ensure the exclusion of T2DM patrticipants for the
control group the participants were asked about their
current DM status. Previous testing for DM and their
family history of T2DM was also asked. Contour TS
Blood glucose monitoring system will be used on the day
of testing to test their blood glucose to ensure it falls
within the normal limits of 4 mmol/L and 8 mmol/L two
hours after eating (Ceriello & Colagiuri, 2008).

Age and gender-matched participants.

For accuracy of comparing the results obtained in the
research study, control group participants were age and

gender-matched within +2 years from the participants in
the experimental group.

Normal behavioural hearing thresholds obtained with pure
tone audiometry.

Participants were only included if they had a PTA better
than 25dB HL. This cut-off level together with a three
frequency PTA (0.5, 1, 2kHz) was used as a majority of
the participants in this study could have a possible age-
related hearing loss which affects the high frequencies
and could already present with some degree of
decreased hearing function (Hlayisi et al., 2018).

Table 3: Participant selection criteria: Exclusion for both groups

Exclusion criteria and rationale

Criteria

Rationale

No past/present or family history of hearing pathologies,
ear pathologies or deafness other than age-related
hearing difficulties.

Participants have an increased risk of clearly defined
symptoms of hearing loss that could be caused by specific
hearing and ear-related pathologies.
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No past/present use of ototoxic medication (specifically
those used in the treatments of cancer, human
immunodeficiency virus (HIV), Tuberculosis (TB), etc.)
overexposure to damaging levels of noise, head trauma
and existing or history of neurological conditions.

Participants have an increased risk of clearly defined
symptoms of hearing loss that could be caused by
environmental influences (Rabinowitz, n.d.). Ototoxic
medication (that cause damage to the inner ear tissue
and vestibulocochlear nerve neurons) can cause
otological side effects such as tinnitus and hearing loss
(Bisht & Bist, 2011). Noise exposure along with head
trauma and neurological conditions could all increase the
possibility of hearing loss which would affect the ABR
responses. Thus, to ensure the independent study of
T2DM’s effect on the auditory system individuals identified
with these risks were excluded from the study.

History of chronic smoking or alcohol abuse.

The use of alcohol and/or smoking chronically could have
an effect on the hearing abilities of the participant
(Popelka et al., 2000). This could decrease their pure
tone thresholds leading to a PTA worse than the 25dB
HL cut-off which is contradictory to the current study’s
inclusion criteria.

Outer or middle ear pathology that can be ruled out by the

use of:

*  Normal/clear ear canals and tympanic membranes
should be observed by the researcher.

*  Type A tympanometry with a Y-226 Hz probe tone.
Values of middle ear pressure between -100 daPa
and +100 daPa, compliance between 0.3 ml and 1.75
ml and ear canal volume of 1.0 - 1.4ml are deemed
normal (Jerger, 1970)

*  Present screening ipsi-lateral stapedial acoustic
reflexes measured presented at 80-90dB at 0.5,1,2
and 4 kHz (Katz, Medwetsky, Burkard, & Hood,
2009)

Outer and middle ear pathologies could have an effect on
the wave amplitude and latencies of ABR responses
(McGee & Clemis, 1982). It is thus important that a
participant does not present with middle ear pathology as
this could be the reason for the amplitude and latency
changes in the healthy participants.

2.8. Participant selection

2.8.1. Equipment for participant selection
The material and equipment used for the selection of the participants with regards to the

inclusion and exclusion criteria are described in table 4.
Table 4: Material and equipment for participation selection

Material

Purpose and description

Appendix

Patient information and informed

consent form

This informed the participants of the
nature and aim of the study and also
their rights throughout the research
period. Those who were willing to
partake in the study were asked to
complete the informed consent form
and return it to the researcher.

Appendix K & L

Data capturing sheet

The including and excluding factors Appendix M & N
and results of each participant were

recorded on this form.

Equipment

Calibration

Purpose and description
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Contour TS Blood glucose meter This system is used as a test for blood | NA
glucose levels for all participants in this
study. The participant will be tested on
the day using the Contour TS to ensure
that their blood glucose levels were
within the normal limits of 4 mmol/L to 8
mmol/L two hours after eating (National
Institute for Health and Care
Excellence (NICE), 2018).

Welch Allyn pocket otoscope Otoscopy was done to ensure the NA
external ear canal and tympanic
membrane(TM) was clear from any
visible pathology that could influence
the test results or place the participant
in harm’s way should probe tips or
earphones be placed in the ear.

Interacoustics AT235 Tympanometry with a Y-226 Hz probe Last calibration date: 22/03/2018
tone and screening ipsi-lateral stapedial
acoustic reflexes at 0.5, 1, 2 and 4kHz
was completed to rule out any middle
ear pathology that could influence the
results.

Behavioural pure tone threshold testing
was performed as part of the exclusion
criteria to determine the participants
three frequency PTA.

2.8.2. Procedure for participant selection
Testing commenced once a participant has been selected for the research study and all
the procedures were explained and informed consent was signed. All test procedures took
place on the same day and took +60 to 90 minutes. Once the participant was in
compliance with the inclusion criteria and there were no excluding factors further data
collection commenced as seen in 2.9 Data collection.
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¢ Participant contacted with regards to participantion in research study
¢ Provided with informed consent letter and asked to sign should they wish to participate
J

~N

e Completion of data capture sheet
¢ Interview was completed and risks for hearing related pathologies were identified

~N

J

e Testing of blood glucose level
¢ Ensure that blood glucose levels are within nrmal limits as established by methodology
J

~N

¢ Further selection procedures as described in table 5

¢ Proceed with data collection as described in 2.9 if participant falls within inclusion
criteria.

€€C€E€CL

Figure 2: Procedure for participant selection

Table 5 explains the participant selection procedures completed before data collection.

Table 5: Participant selection procedures

Test

Purpose of the
test

Instructions to
participants

Results deemed
normal

Results deemed
abnormal

Testing the blood
glucose level

This test was
completed to ensure
that their blood
glucose levels were
within the normal
limits/controlled and
rule out possible
undiagnosed T2DM
in control group
participants.

The participant was
instructed on why the
test will be done then
the examiner
cleaned the surface
area and used the
needle pen (a new
needle and strip was
used for each
participant) to draw
blood and apply to
the testing strip.

The normal limits of
4 mmol/L to 8
mmol/L two hours
after eating was used
for the control group
participants (Ceriello
& Colagiuri, 2008)

Any glucose levels
below 4 mmol/L or
above 8mmol/L

Otoscopy

Otoscopy was done
to ensure the
external ear canal
and TM is clear from
any visible pathology
that could influence
the test results or

The participant was
instructed to sit
comfortably and still
in a chair while the
researcher examines
their ears.

The researcher
should observe the
normal structures
within the ear canal
and on the TM
including:
*  TM that looks
healthy

Should the

researcher identify

any abnormalities

such as:

*  Scarring on the
™
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place the participant «  Light reflex +  Blood or foreign
in harm’s way should bodies in the ear
canal
probe tips or « Umbo + Infection
earphones be placed * Clear ear canal +  Perforation of the
in the ear. (DeRuiter, M., ™
Ramachandran, *  Occluding wax
2010) (Stach, 2010)
Acoustic Tympanometry with a | The participant was Type A If any of the values
Immittance Y-226 Hz probe tone | instructed to sit tympanometry with a | are outside the
to rule out any middle | comfortably, still and | Y-226 Hz probe tone. | normal limits the
ear pathology that not swallow or talk Values of middle ear | classification will be
could have during the test. They | pressure between - type As, Ad, Bor C
influenced the were informed of the | 100 daPa and +100 tympanograms.
results. slight pressure build | daPa, compliance
up that they will between 0.3 ml and
experience once the | 1.75 ml and ear
probe tip has been canal volume of 1.0 -
placed in their ear but | 1.4ml are deemed
that no feedback is normal
needed from them. (Jerger, 1970)
Screening Screening ipsi-lateral | The participant was Present screening If no reflexes are
Reflexes stapedial acoustic instructed to sit ipsi-lateral stapedial | obtained at the
reflexes at 0.5, 1, 2 comfortably, still and | acoustic reflexes frequencies tested
and 4kHz to rule out | not talk during the measured at 0.5,1,2
any middle ear test. They were and 4 kHz (Katz et
pathology that could | informed of the loud | al., 2009)
have influenced the sounds that they will
results. hear once the probe
tip has been placed
in their ear but that
no feedback is
needed from them.
Pure tone Behavioural pure The participant was The PTA threshold is | If the thresholds
audiometry tone threshold testing | instructed to indicate | better than the 25dB | obtained are worse

was performed as
part of the exclusion
criteria to determine
the participants PTA.

(by raising their hand)
when they hear the
pure tone sound
(beep). They were
informed to respond
even if the sound is
very soft.

HL cut-off (Hlayisi et
al., 2018)

than the 25dB HL
cut-off the hearing
ability will be
classified as mild,
moderate, severe or
profound (Hlayisi et
al., 2018; Roeser,
2013).

18




2.9. Data collection

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
@ YUNI

1
NIBESITHI YA PRETORIA

2.9.1. Equipment for data collection
The material and equipment used for data collection are described in Table 6.

Table 6: Material and equipment for data collection

Material

Purpose and description

Appendix

Data capturing sheet

The results of each participant’s data
were recorded on these forms.

Appendix M& N

Equipment Purpose and description Calibration
Interacoustics Eclipse AEP system Equipment was used to measure the | Latest calibration date:
ABR waves at various stimulation rates | 22/.3/2018

for each participant.

For a specific peSPL (peak
equivalent Sound Pressure
Level) value, the maximum
acoustical level is calibrated to

match the level of continuous
tones used in obtaining the
similar dB SPL reading on a
sound level meter. Due to a poor
correspondence between the
acoustical value given in dB SPL
and normal HL figures, there is a
difference of 35.3dB for Clicks as
AEP stimulation durations are
very short and the energy
delivered is not perceived with
the same subjective loudness as
the equivalent stimulus would
provide. To compensate for the
difference a correction is used
namely nHL. Calibration was
done using an oscilloscope and
measured in dB peSPL the clicks
were corrected by 35.5dB
resulting stimuli reported in dB
nHL.

Insert earphones ER-3A

The use of insert earphones aided in
the decrease of background noise and
comfort of use by the patient (Hall IIl,
2007).

2.9.2. Procedure for data collection

Table 7 below indicates the test protocol used for ABR data collection.
Table 7: ABR test protocol for clinical measures

Stimulus Parameters Selection

Transducer Insert earphones ER-3A
Type Click

Duration 0.1ms
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Polarity X1 Rarefaction X1
condensation
Rate A fast, medium and a slow rate was be used
31.1Hz
45.1 Hz
61.1 Hz for the detection of reduced neural function
Intensity 80dB nHL
Repetitions Minimum 2
Acquisition Parameters
Electrodes
Non-inverting (active) Fz
Inverting (reference) M1. M2
Ground Fpz
Filters
HP (high pass) 30 Hz
LP (low pass) 3000Hz
Notch None
Amplification 100,000
Analysis time 15 ms
Artefact rejection +40 pv
Residual noise levels <40 pv
Impedances <5kQ
Number of sweeps 2000-4000 (more if high electrical artefacts)

(Ackley et al., 2012; Hall Ill, 2007; Hall 11l & Mueller 111, 1997)

ABR testing started with the researcher cleaning the surface area of the skin with a
medical Nuprep skin prep gel (Weaver & company) and electrodes were laced with a
Ten20 conducting paste (Weaver & company) and secured with tape which aided in
keeping the impedance below 5kOhm. The inverting electrodes were connected to the
Interacoustics EPA preamplifier’s input right and left and placed on the right and left
mastoid respectively. The non-inverting (active) silver chloride cup electrode was placed
on the high forehead and plugged into the preamplifier at Vertex. The ground electrode
was placed on the low forehead (Crumley, 2016). The ER-3A earphones were then
inserted into both ears. The participant was instructed that there is no need for a
response from their side and it is also recommended that the participant closed their
eyes and lie still or even sleep during this procedure to reduce participant artefacts.
Various rates were used, including 31.1, 45.1 and 61.1 (Ackley et al., 2012). The auditory
response was measured and interpreted by the researcher as well as two other
independent interpreters.
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2.10. Data analysis

Data analysis is defined as the process of answering research questions by
understanding all the results and data from the research study (Statistics Canada, 2009).
Descriptive statistics, that was used for the current study, is described as a statistical
method that includes numerical data such as means and totals to review all the results
obtained from the research study (Gravetter & Forzano, 2012; Statistics Canada, 2009).
For the current research study, a descriptive analysis was done to calculate the mean,
standard deviations, median and interquartile range for the absolute and interpeak
latencies and amplitudes of the ABR waves for the various stimulation rates (StataCorp,
2017). Inferential statistics is described as an inference of our data findings to more
general conditions such as the entire population (William, 2006).

In order to take this into consideration, groups were compared with linear mixed models
evaluating whether random intercepts for pairs or individuals were needed. Residual
analysis was done to determine if their distribution was normal and if there were any
outliers present. In some instances (viz. rate 31.1Hz wave | and Il absolute latencies and
wave | amplitude) pairs were not needed as random intercepts and random intercepts
were only used for the individuals (as left and right ears were combined).

A repeated measures analysis of rates with latency as the outcome and rate as the
repeated measure was also performed. A mixed model with random intercepts of pairs,
individuals and ears (measurements were repeated per ear) was used as the participants
were paired and both ears were included. The interaction term (diabetic status*rate) was
used to determine if a change in latency over rates depends on whether you have
diabetes or not. As this was not significant, a model using diabetes status and rate,
excluding the interaction term, was then computed.
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3.1._Abstract

Background: The prevalence of diabetes mellitus is growing worldwide. Type 2 Diabetes
Mellitus (T2DM) can lead to damage to various organs by affecting the intricate nerve and blood
vessel systems in the body caused by hyperglycaemia, including the auditory neural pathway.

Purpose: This study aimed to assess the auditory neural function of adults with T2DM by means
of Auditory Brainstem Responses (ABR) with various stimulation rates, presenting with normal
behavioural audiometric thresholds.

Research Design: Cross-sectional comparative study of ABR latencies and amplitudes and the
impact of various stimulation rates in T2DM participants when compared to gender and age-
matched controls without diabetes.

Study Sample: Sixty participants, thirty with T2DM and 30 without T2DM were recruited and
gave informed consent. The thirty T2DM participants aged 20-60 years were recruited from three
clinics including two private and one public tertiary clinic. The control group consisted of thirty
healthy age and gender-matched volunteers. Behavioural audiometry was performed to ensure a
normal pure tone average (< 25 dB HL).

Data collection and analysis: The Interacoustics Eclipse Auditory Evoked Potentials (AEP)
system was used for the ABR measures which were analysed using linear mixed models. Data
consisted of latencies and amplitudes of wave I, 11l and V and interpeak latencies of I-111, 11I-V
and I-V of the 31.1 Hz rate. Wave V latencies and amplitudes for the 45.1 and 61.1 Hz
stimulation rates were also measured.

Results: Wave 111 latency at 31.1 was significantly delayed in those with T2DM compared to the
control group (p<0.05). Participants with T2DM presented with prolonged wave V latencies at
the faster stimulation rates than those without T2DM, but the shift was not statistically different
between groups. Diabetes status had no moderating effect of wave V latency at the different
stimulation rates.

Conclusion: The results identified that the rate study was not affected by any confounding
variables such as diabetes status and glucose level. However, the subclinical neurophysiological
pathology, specifically at the level of the brainstem, as demonstrated by the delay in wave I,
may be at least part of the reason for complaints relating to bilateral hearing difficulties in noise

Keywords: Diabetes Mellitus, Type 2 Diabetes Mellitus, Auditory Brainstem Response, rate
study, Auditory neural
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Abbreviations: T2DM — Type 2 Diabetes Mellitus, uV — microvolt, ms — milliseconds, Hz —
Hertz, PTA — Pure Tone Average, DM- Diabetes Mellitus, IQR- Inter Quartile Range, SD-
Standard deviation

3.2. Introduction

Diabetes Mellitus (DM) is adding to the global burden of disease as the prevalence thereof
increases worldwide. This increase of prevalence can be attributed to higher population size,
urbanization, age, obesity and lower physical activity in the population (Wild et al.,. 2004;
Hlayisi et al.,. 2018). According to the IDF (2017) 425 million people were living with diabetes
in 2017 with an estimated increase of up to 629 million by 2045 with 90% of these attributed to
Type 2 Diabetes Mellitus (T2DM). In addition to this, the number of South African adults living
with DM is estimated to rise from 5.4% to 6.1% in the same time frame with up to 84.8% still
undiagnosed (IDF, 2017). These current statistics bring to mind the concerns for hearing
healthcare practitioners and the association between DM and hearing loss, with an on-going
discussion about the configuration and degree thereof (Hong et al.,. 2013; Karabulut et al.,. 2014;
Krishnappa and Naseeruddin, 2014; Calvin and Watley, 2015). The exact cause of the hearing
loss and degeneration of the auditory function is unknown (Hong et al.,. 2013). The most
probable explanation can be derived from the damage to the cochlear and retrocochlear
structures, such as the vestibulocochlear nerve, due to minor glycaemic variations leading to
unstable inner ear function (Cayonu et al.,. 2014; Mahallik et al.,. 2014; de David et al.,. 2018).

Along with the complexity of understanding the cause of the degeneration in hearing sensitivity,
various assessment methods are used for the identification thereof (Hong et al.,. 2013). In the
past, the assessment was limited to the use of pure tone audiometry. However, recently a need
exists for a measure of subclinical hearing changes, such as the Auditory Brainstem Response
measure (ABR), to identify damage of the CN VIII other central auditory structures (Hong et al.,.
2013; de David et al.,. 2018).

ABR is a non-invasive measurement used for the study of the electrical potentials evoked in the
auditory neural pathway in response to acoustical stimuli (Siddigi et al.,. 2013; Sushil et al.,.
2016). Five peaks, corresponding to specific neural generators within the auditory neural
pathway, dominate the

ABR and are stable in normal hearing adults, with wave V being the most robust (Hall 111 and
Mueller 111, 1997; Hall 111, 2007; Siddiqi et al., 2013; Takkar et al., 2015). An increase of the
wave latencies could indicate possible degeneration within the auditory system at the specifically
involved neural generators as is found in individuals with T2DM (Siddigi et al.,. 2013; Takkar et
al.,. 2015).
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Previous studies have reported delayed absolute and interpeak latencies with the use of a
standard ABR protocol in adults with diabetes. Durmus et al., (2004) and Mahallik et al., (2014)
found delays in wave I, I1l and V absolute latencies and the interpeak latencies indicating both
peripheral and central auditory neural degeneration. However, the majority of the studies showed
delays in only wave 111 and/or V absolute latencies thus supporting the theory of degeneration of
more central auditory neural functioning (Donald et al.,. 1981; de Ledn-Morales et al.,. 2005;
Ren et al.,. 2009; Siddiqi et al.,. 2013; Gupta et al.,. 2013; Sushil et al.,. 2016). Takkar et al.,
(2015) reported no significant delay in any of the ABR latencies when using a standard
neurodiagnostic ABR in T2DM adults grouped according to the duration of disease. The
researchers attributed the lack of latency delay to the good glycaemic control of all participants
in the study regardless of the duration of their disease. Sushil et al., (2016) had similar findings
as the T2DM participants with uncontrolled blood glucose levels had significantly delayed
absolute and interpeak latencies when compared to T2DM with controlled blood glucose levels.
It may, however, be hypothesized that a faster stimulation rate than that used in existing
literature, may have increased the sensitivity of the ABR for the identification of minor
retrocochlear pathology, caused by the T2DM even with good glycaemic control ( Hall 111, 2007;
Ackley et al.,. 2012; Cayonu et al.,. 2014; Mahallik et al.,. 2014).

It is clear from previous literature that ABR measures can be used in identifying individuals with
T2DM who have prolonged latencies even in the absence of a perceptual hearing loss. However,
the addition of a rate study to the standard ABR protocol may afford greater sensitivity to
auditory neurological degeneration, specifically regarding T2DM and its effects on the auditory
neural components. To date, there are no previous studies that evaluated the effect on increased
stimulation rate on adults with T2DM (Ackley et al.,. 2012). Thus, the aim of the current study
was to assess the auditory neural function of adults with T2DM and normal behavioural
audiometric thresholds, by means of ABR’s with various stimulation rates.

3.3. Material and Methods

3.3.1 Study participants

Institutional ethical clearance was granted prior to commencement of data collection (Health
sciences: 43/2018 and Humanities: 14039789-GW20180201HS) with careful consideration of the
rights of all participants. Sixty participants were recruited and gave informed consent. The
participants were divided into two groups consisting of 30 participants with T2DM (60 ears) with
a mean age of 47 years (SD 10.35) who were recruited from three clinics including two private
clinics and the Diabetes Clinic at Steve Biko Academic Hospital. The remaining 30 control group
participants without diabetes, age and gender-matched with a mean age of 47.27 years (SD
10.06) (two ears duplicated) were recruited from friends, family and acquaintances.
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The participants consisted of 18 females (60%) for each of the experimental and control group.
The average age of diagnoses for the diabetic participants was 38.7years (SD 7.87) with a mean
duration of T2DM for 8.28 years (SD 7.87). Before audiological investigation a clinical
interview was completed to rule out any of the following: past/present family history of hearing
pathologies including current outer and/or middle ear pathologies and deafness, past/present use
of ototoxic medication (specifically those used in the treatments of cancer, HIV, TB, etc.),
overexposure to damaging levels of noise, head trauma and existing/history of neurological
conditions or history of chronic smoking or alcohol abuse. Adults who presented with any of the
aforementioned were excluded from participation. The strip operated blood glucose test was
completed with capillary blood from a small prick to the participants finger, to ensure that their
blood glucose levels were within the normal limits (between 4 mmol/L and 8 mmol/L two hours
after eating (Ceriello & Colagiuri, 2008) to rule out possible undiagnosed T2DM in control
group participants (Mcmillin, 1990). The blood glucose for the diabetic participants was higher
with a mean of 8.11 mmol/L (SD 4.22) compared to that of the control group at 5.78 mmol/L
(SD

1.30).

For all participants, otoscopy and immittance measures were completed to rule out outer and
middle ear pathologies. Pure tone air conduction audiometry was conducted with the
Interacoustics AT235 portable audiometer. The assessment was performed for each ear with
supra-aural headphones to identify hearing thresholds between 250 and 4000 Hz. A three-
frequency pure tone average (PTA) was calculated (0.5, 1, 2 kHz). Participants were required to
present with a PTA of <25 dB HL (Katz et al.,. 2009; Hlayisi et al.,. 2018). The participants in
the diabetic group had a mean PTA of 9.66 dB HL (SD 4.326) whereas the control group
participants had a slightly higher mean PTA of 11.21 dB HL (SD 5.608). Both groups had
slightly higher hearing thresholds at 4kHz when compared to the overall audiogram with the
diabetic group with a mean of 14.67 dB HL (SD 13.96) and non-diabetic with a mean of 15.17
dB HL (SD 12.55).

3.3.2 Auditory Brainstem Responses

The Interacoustics Eclipse AEP system, which was calibrated prior to data collection using
peSPL (peak equivalent Sound Pressure Level) and nHL (normal hearing level) as specified in
ISO 389-6-2007, was used for the ABR measures. The non-inverting (active) silver chloride cup
electrode was placed on the high forehead (Fz) with the ground electrode on the low forehead
(Fpz) and the inverting (reference) electrodes on the mastoids (M1, M2). Participants were
placed in a reclining position, with their eyes closed and ER-3A insert earphones were used to
present a click stimulus at an intensity of 80 dB nHL. Three stimulus rates were used (31.1, 45.1
and 61.1 Hz) and one each repeated at least twice (rarefaction and condensation). The
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impedances were measured throughout to ensure levels below 5kQ. Artefact rejection was set at
+40 pV and bypass filters of 30-3000 Hz were used. After averaging the response for a minimum
of 2000-4000 sweeps per trace to ensure that residual noise levels were reduced to <40 pV, the
latencies and amplitude for a wave I, 1l and V and interpeak latencies of I-111, 111-V and 1-V at
the slowest rate were measured. Wave V latencies and amplitudes for the 45.1 and 61.1 Hz rates
were then also recorded.

3.3.3 Statistical analysis

Descriptive statistics of variables were described including the mean, median, standard deviation
and Interquartile ranges (IQR) of the ABR absolute and interpeak latencies and amplitudes
(StataCorp, 2017). Individuals were paired, and tests were done on the left and right ears. In
order to take this into consideration, groups were compared with linear mixed models evaluating
whether random intercepts for pairs or individuals were needed. Residual analysis was done to
determine if their distribution was normal and if there were any outliers present. In some
instances (viz. rate 31.1Hz wave | and 11l absolute latencies and wave | amplitude) pairs were not
needed as random intercepts and random intercepts were only used for the individuals (as left
and right ears were combined).

A repeated measures analysis of rates with latency as the outcome and rate as the repeated
measure was also performed. A mixed model with random intercepts of pairs, individuals and
ears (measurements were repeated per ear) was used as the participants were paired and both ears
were included. The interaction term (diabetic status*rate) was used to determine if a change in
latency over rates depends on whether you have diabetes or not. As this was not significant, a
model using diabetes status and rate, excluding the interaction term, was then computed.

3.4. Results

3.4.1. Auditory Brainstem Responses

3.4.1.1. Latency

Table 8 presents the descriptive statistics for the absolute and interpeak latencies of all the
recorded ABR waves for those with diabetes and without diabetes.

Table 8: Mean, standard deviation (SD), median, inter quartiles range (IQR) of the absolute and
interpeak latencies for waves I, 111 and V at rate 31.1 Hz and wave V at rates 45.1 and 61.1 Hz
for participants with Type 2 Diabetes Mellitus and controls (n=60)

Component Diabetic patients Non-diabetics patients

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

(ms) (ms) (ms) (ms)

Wave 1 1.60 (0.22) 1.57 (1.43;1.76) 1.52(0.12) 1.53 (1.43;1.60)
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3.80 (3.64;4.03)
5.65 (5.35;6.09)
5.90 (5.67;6.28)
6.07 (5.77,6.42)
2.25 (2.08;2.49)

1.83(1.73;2.10)
4.12 (3.83:4.52)

3.68 (0.52)
5.67 (0.31)
5.86 (0.34)
5.96 (0.76)
2.22(0.24)

1.93(0.28)
4.15 (0.35)

3.70 (3.61;3.89)
5.65 (5.48;5.80)
5.7 (5.635.99)
6.00 (5.80;6.20)
2.20 (2.00;2.33)

1.90 (1.78;2.00)
4.13(3.90;4.30)

1= Rate 31.1 Hz, 2= Rate 45.1, 3=Rate 61.1

The results for the two-group comparison is given in Table 9. Residual analysis for data using

31.1 Hz rate identified two outliers at wave | and V absolute latencies for each wave
respectively; three outliers for waves I-111 interpeak latency; and one outlier for the interpeak
latency of I11-V. One outlier for wave V latency was removed from data using rates 45.1 and

61.1 Hz each. All outliers were excluded from the analysis.

Table 9: Mean difference between participants with diabetes vs participants without diabetes,

with 95% Confidence interval (Cl) for absolute and interpeak latencies (n=60)

Component Mean difference (95% CI) p-value
Wave |1 0.05(-0.00 - 0.11) 0.079
Wave 111z 0.17 (0.01-0.32) 0.027*
Wave V1 0.07 (-0.05 - 0.23) 0.234
Wave V2 0.07 (-0.07 - 0.22) 0.341
Wave V3 0.08 (-0.0 8-0.24) 0.322
Interpeak I-1111 0.05(-0.02-0.12) 0.164
Interpeak 111-V1 0.00 (-0.07 — 0.08) 0.933
Interpeak I-V1 0.00(0.12-0.12) 0.983

n=total number of participants; *Statistically significant (p < 0.05); 1= Rate 31.1 Hz; 2= Rate 45.1; 3=Rate 61.1

A statistically significant difference was measured in wave |11 latency between the participant
groups measured at a rate of 31.1 Hz (p=0.027). No statistically significant differences were
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found in the absolute and interpeak latencies of waves I, V, I-V, I-1ll and 111-V at 31.1 Hz or at
wave V when using rates of 45.1 and 61.1 Hz (p>0.05).

3.4.1.2. Amplitudes

The descriptive statistics for the amplitudes recorded for both groups can be seen in Table 10.

Table 10: Mean, standard deviation (SD), median, inter quartiles range (IQR) of the
amplitudes of Wave I, 111 and V for rates 31.1, and wave V for 45.1 and 61.1 Hz for
participants with Type 2 Diabetes Mellitus and controls (n=60)

Component Diabetic patients Non-diabetics patients
Mean (SD) Median (IQR) Mean (SD) Median (IQR)
(HV) (1V) HV) (HV)

Wave |1 0.10 (0.07) 0.08 (0.05;0.13) 0.12 (0.07) 0.10 (0.07;0.16)
Wave 11 0.20 (0.11) 0.18 (0.11;0.29) 0.20 (0.12) 0.18 (0.11;0.26)
Wave Vi 0.33(0.16) 0.31(0.20;0.43) 0.32(0.12) 0.30 (0.23;0.36)
Wave V2 0.31(0.17) 0.27 (0.18;0.39) 0.30 (0.11) 0.30 (0.23;0.36)
Wave Vs 0.28 (0.15) 0.27 (0.16;0.37) 0.24 (0.10) 0.25 (0.17;0.29)

1= Rate 31.1 Hz, 2= Rate 45.1, 3=Rate 61.1

Results regarding the differences between the groups are shown in Table 11. Residual analysis
identified one outlier at wave V amplitude rate 31.1 Hz and this was excluded from the analysis
before comparing the two groups.

Table 11: Mean difference between participants with diabetes vs participants without
diabetes, with 95% Confidence interval (Cl) for amplitudes (n=60)

Component Mean difference (95% ClI) p-value
Wave Iy -0.02 (-0.04 - 0.00) 0.119
Wave Ill1 0.00 (-0.03 - 0.03) 0.829
Wave V1 0.00 (-0.04 — 0.05) 0.786
Wave V2 0.01 (-0.04 — 0.06) 0.709
0.03 (-0.01 - 0.09) 0.167

Wave V3

n=total number of participants; *Statistically significant (p < 0.05); 1= Rate 31.1 Hz; 2= Rate 45.1; 3=Rate 61.1
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No statistical significance was found between the amplitudes of the diabetic and non-diabetic
groups at any of the waves at rates 31.1, 45.1 or 61.1 Hz (p>0.05).

3.4.1.3. Rate study

We investigated the effect of diabetes status and glucose level in latency at the various rates.
Table 12 displays the linear mixed model regression analysis of DM, glucose, and when both
glucose and DM were combined. Residual analysis identified two outliers at rate 31.1 Hz and
one outlier at 45.1 and 61.1 Hz each and was excluded from the analysis.

Table 12: Linear mixed model regression analysis: Diabetes Mellitus (DM) vs non-diabetes
mellitus, glucose, glucose and DM for wave V latency at rates 31.1, 45.1 and 61.1 Hz

Interaction Rate 31.1 Hz Rate 45.1 Hz Rate 61.1 Hz

Co-efficient (95% p-value Co-efficient (95%  p-value  Co-efficient (95% p-value

Cl) Cl) Cl)
DM status  0.08 (-0.06 - 0.22) 0.234  0.06 (-0.08 - 0.20) 0.389  0.08 (-0.08 — 0.24) 0.322
DM 0.03(-0.11-0.17) 0.619  0.01(-0.13-0.15) 0.899  0.03(-0.15-0.21) 0.722
adjusted for
glucose
Glucose 0.02 (0.00 - 0.04) 0.064  0.02(0.00 - 0.04) 0.063  0.02 (0.00 - 0.04) 0.09
Glucose 0.02 (0.00 -0.04) 0.113  0.02(0.00 - 0.04) 0.1 0.02 (0.00 - 0.04) 0.156
adjusted for
DM

*Statistically significant (p < 0.05); Cl- Confidence interval

The interaction between DM and glucose was assessed and was found not to be statistically
significant for any of the wave V latencies at rats 31.1 Hz (p=0.323), 45.1 Hz (p=0.200) and
61.1 Hz (p=0.865).

The coefficient of glucose indicates the change of wave V latency at the various rates for every 1
mmoZl/L increase in glucose levels. However, this increase was not statistically significant at any
of the rates. When adjusting for diabetes status glucose no statistically significant effect on the
wave V latencies for any of the rates was measured.
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Diabetes status alone and after adjusting for glucose levels had no significant effect on the mean
differences of the wave V latency at any of the rates.

To answer the question of how wave V latency changes with varying rates between those with
DM and without DM a mixed model regression analysis was performed. The initial model
included the interaction term (diabetes status*rate) to determine if a change in latency with faster
rates is dependant on the participant having DM or not. This was not significant (p=0.97) and the
model was repeated excluding the interaction term (diabetes status*rate). Diabetes status was not
significant and excluding it from the model did not change the coefficients of the rates which
means DM is not a confounder in the relationship between rate and latency. Both models
indicated wave V latency mean shifts at rate 31.1 Hz by 0.07 ms (p=0.347) in the participants
with DM when compared to those without diabetes but is not statistically significant. At a rate of
45.1 Hz wave V latency increased by a mean of 0.19 ms, and by a mean of 0.37 ms when using a
rate of 61.1 Hz from that measured using rate of 31.1 Hz. The increase in wave V latency
measured using pairwise comparisons with Bonferroni corrections from 31.1 Hz to the faster
rates was highly significant (p<0.001). Table 13 below depicts the differences in latencies at the
various rates adjusted for diabetes status.

Table 13: Mean difference, 95% Confidence Interval (Cl) and statistical significance within
participants with Type 2 Diabetes Mellitus

Rate Mean difference (95% CI) p-value
45.1vs 31.1 Hz 0.19(0.15-10.23) 0.001**
61.1vs 31.1Hz 0.38(0.34-0.42) 0.001**
61.1vs45.1 Hz 0.19(0.15-10.23) 0.001**

**Highly statistically significant (p < 0.001)

3.5. Discussion

The current study set out to assess the auditory neural function of adults with T2DM and normal
behavioural audiometric thresholds, by means of ABR’s with various stimulation rates. The
neurodiagnostic ABR at a rate of 31.1 Hz indicated a statistically significant delay in wave Il
latency for participants with T2DM compared to participants without T2DM. The mean
interpeak latencies of I-111, 111-V and I-V at a rate of 31.1Hz for the T2DM group were
equivalent to that of the control group as were the absolute latencies and amplitudes of waves |
and V.

The significantly delayed wave 111 latency in adults with T2DM compared to adults without
T2DM correlates with previous literature (Donald et al.,. 1981; Durmus et al.,. 2004; Gupta et
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al.,. 2013; Siddiqi et al.,. 2013; Mahallik et al.,. 2014; Sushil et al.,. 2016). This indicates central
neural involvement up to the superior olivary complex (SOC) (Siddiqi et al.,. 2013). The main
contribution of the SOC is for processing binaural input, localizing auditory input and hearing in
the presence of background noise (Bellis, 2003). Physiological changes that could lead to
functional and structural damages in the auditory system include, microangiopathy or small
vascular disease, glycaemic variations due to insulin resistance increases the presence of
microvascular and neural damage in the glucose-dependent neural structures, and oxidative stress
(Hong et al.,. 2013; de David et al.,. 2018). Studies suggest that the decrease in auditory neural
function in T2DM is likely due to a combination of a number of these physiological changes
(Durmus et al.,. 2004; Gupta et al.,. 2013; Hong et al.,. 2013).

In contrast to the majority of existing literature, de Le6n-Morales et al., (2005) and Ren et al.,
(2009) found delays in the absolute latency of only wave V in adults with T2DM, which resulted
in delayed interpeak latencies of wave 1-V and 111-V compared to adults without T2DM.
However, the delay in wave V latency reported may possibly be attributed to the degree of
hearing loss, rather than by T2DM, as both studies included participants with high frequency
hearing loss, although the degree of loss was not specified in either study. A high frequency
hearing loss is known to cause a delay in the latency of a click-evoked ABR wave V (Vonk &
Beynon, 2018). Both studies also used a slower and fast stimulation rate; the slower rate was
11.1 Hz, and the faster rate 67.4 Hz and 80.1 Hz respectively for de Leon-Morales et al., (2005)
and Ren et al., (2009), but neither made a distinction between the two when reporting on the
ABR latencies. The addition of latency data at faster stimulation rates may further have
contributed to the delay found in wave V latency, rather than being a consequence of T2DM.

According to Robinson and Rudge (1977) and Ackley et al., (2012) the use of a rapid stimulus
rate, with the standard neurological ABR measure, increases the diagnostic sensitivity of the
ABR to subtle neurological lesions as it stresses the auditory nervous system burdened with
pathology. A significant difference in the latency of wave V was measured with increased
stimulation rates in the current study. The mean wave V latencies at each stimulation rate still
fell within the expected range, namely below 6.25 ms, as proposed by Ackley et al.,. (2012). The
current study measured prolonged mean wave V latencies at the faster rates of 45.1 and 61.1 Hz
for the participant group with T2DM than those without T2DM but the shift was not statistically
different between groups. This implies that as the stimulation rate increased, the neural recovery
time decreased, causing a greater delay in the ABR latencies for adults with T2DM than in adults
without T2DM (Ackley et al.,. 2012). This delay is not specific to T2DM and more research is
needed with regards to the sensitivity of rate studies specific to T2DM participants.

The current study found that diabetes status was not a confounder in the relationship between
rate and latency. In contrast, both Takkar et al.,. (2015) and Sushil et al.,. (2016) concluded that
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the good glycemic control demonstrated by their participants with T2DM was the reason for the
normal absolute and interpeak ABR latencies described. In addition, Sushil et al., (2016)
reported significant wave 11 delays, and I-111, 111-V and I-V interpeak prolongation in adults with
poor compared to well-controlled blood glucose levels. The current study differed from the
conclusion drawn in these studies as glucose was found not to moderate the wave V latency
during the rate study for either participant group. However, the current study did not distinguish
between good and poor glycaemic control amongst the participants with T2DM. Further
exploration of the use of the ABR rate study, as a more sensitive measure of auditory neural
function than that of the neurodiagnostic ABR, in adults with T2DM with poorly controlled
blood glucose levels may provide additional insights into the pathophysiology.

The delay in wave |11 latency and the greater wave V latency shift measured during the rate study
in adults with T2DM is nevertheless of clinical value. Clinicians are likely to attribute the source
of complaints of binaural hearing, specifically for speech-in-noise, to the high frequency hearing
loss often found in adults with T2DM, rather than consider the possibility of subclinical
neurophysiological pathology, specifically at the level of the brainstem, as was identified in the
current study (Bellis, 2003; Hong et al.,. 2013; de David et al.,. 2018). The combination of
peripheral mild hearing loss and brainstem pathology is consequently liable to negatively impact
habilitation outcomes in individuals with T2DM (Beck & Bellis, 2007).

3.6. Conclusion

The current study set out to assess the auditory neural function of adults with T2DM and normal
behavioural audiometric thresholds, by means of ABR’s with various stimulation rates. The
neurodiagnostic ABR at a rate of 31.1 Hz indicated a statistically significant delay in wave IlI
latency in adults when compared to those without T2DM. The rate study was able to identify
more subclinical changes in the auditory neural pathway of participants with T2DM by the
prolonged latencies of wave V for the T2DM group but the latencies were not statistically
different from the participants without T2DM. Diabetes status was not a confounder in the
relationship between ABR rate and wave V latency. The delayed wave I11 latency and the greater
wave V latency shift measured is nevertheless of clinical value. Subclinical neurophysiological
pathology, specifically at the level of the brainstem, may, therefore, add to the source of
complaints relating to binaural hearing difficulties in noise, in addition to high frequency hearing
loss commonly found in adults with T2DM.

34



CHAPTER 4 CLINICAL IMPLICATIONS AND
CONCLUSION

35




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qus® YUNIBESITHI YA PRETORIA

CHAPTER 4: CLINICAL IMPLICATIONS AND CONCLUSION

4.1 Overview

Hearing loss, more specifically in the high frequencies, are associated with Type 2
Diabetes Mellitus (T2DM) (Hong et al., 2013). Auditory brainstem response measures
(ABR) play an important role in identifying individuals with T2DM who have subclinical
neurological degeneration even in the absence of hearing loss assessed with behavioural
audiometry. However, it can be hypothesized that a faster rate could increase the
sensitivity for identifying a possible minor retrocochlear pathology, caused by the T2DM.
This could be assigned to the decrease in time the auditory nervous system has for neural
recovery thus causing a greater delay in the ABR latencies (Ackley et al., 2012). To date,
there are no previous studies that evaluated the effect on increased stimulation rate on
adults with T2DM (Ackley et al., 2012). Thus, the aim of the current study was to assess
the auditory neural function of adults with T2DM and normal behavioural audiometric
thresholds, by means of ABR’s with various stimulation rates.

4.2. Summary of results

The current study set out to assess the auditory neural function of adults with T2DM and
normal behavioural audiometric thresholds, by means of ABR’s with various stimulation
rates. The neurodiagnostic ABR at a rate of 31.1 Hz indicated a statistically significant
delay in wave lll latency for participants with T2DM compared to participants without
T2DM. The mean interpeak latencies of I-1ll, 1ll-V and |-V at a rate of 31.1Hz for the T2DM
group were equivalent to that of the control group as were the absolute latencies and
amplitudes of waves | and V.

A significant difference in the latency of wave V was measured with increased stimulation
rates, the mean wave V latencies at each stimulation rate still fell within the expected
range, namely below 6.25 ms, as proposed by Ackley et al.,. (2012). The current study
measured prolonged mean wave V latencies at the faster rates of 45.1 and 61.1 Hz for
the participant group with T2DM than those without T2DM, but the shift was not
statistically different between groups. This implies that as the stimulation rate increased,
the neural recovery time decreased, causing a greater delay in the ABR latencies for
adults with T2DM (Ackley et al.,. 2012).

4.3. Clinical implications

The literature established a clear link between T2DM and peripheral hearing loss (de
David et al., 2018; Hong et al., 2013). Yet even with adults who present with a normal
pure tone average (PTA) on behavioural audiometry, the current study identified
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demonstrated deficits in the ABR and rate study by the delayed wave lll latency, a greater
wave V latency shift measured during the rate study in adults with T2DM. The auditory
neural degeneration identified implies that the adults with T2DM may present complaints
of binaural hearing, specifically for speech-in-noise, due to the high frequency hearing
loss often found in adults with T2DM. Clinicians may dismiss this in light of the normal
pure tone audiometry, or may attribute this to mildly raised thresholds in the high
frequencies, rather than consider the possibility of subclinical neurophysiological
pathology, specifically at the level of the brainstem, as was identified in the current study
(Bellis, 2003; Hong et al.,. 2013; de David et al.,. 2018).

The combination of mild peripheral hearing loss and brainstem pathology is consequently
liable to negatively impact habilitation outcomes in individuals with T2DM, specifically
relating to hearing aid fitting. These poorer outcomes are related to the fact that hearing
aids, even though making sound audible and improving the signal to noise ratio in the
presence of mild peripheral hearing loss, will fail to compensate for the central processing
deficits. In addition, aural rehabilitation therapy in conjunction with the use of hearing aid
technology should be highly individualized as each person with T2DM will have varied
effects of the disease and thus the various degree of difficulties (Beck & Bellis, 2007).

4.4. Critical evaluation
4.4.1. Strengths of the study

* Individual assessment of ABR of a well-characterized adult population of 30 T2DM
participants and 30 control group participants (with no history of T2DM) was
included in the research study.

* The design of the research study minimised possible confounding influences by
controlling age and gender with the matching of the experimental (with T2DM
group) and control group (without T2DM group).

* The current study considered the influences smoking could have on the hearing
abilities of participants in both those with diabetes and without. Thus, any
participants with a history of chronic and heavy cigarette smoking habits were
excluded from the study as smoking could decrease the hearing abilities of
participants and changes in ABR wave latencies and could influence the
independent study of T2DM on the auditory system (Popelka et al., 2000).

* It has been widely researched that both the illness itself and the medications used
in the treatment of some chronic illnesses can have detrimental effects on the
auditory system. The chronic illnesses such as HIV and TB and ototoxic
medications used therefore can cause damage to the inner ear tissue and
vestibulocochlear nerve neurons and have otological side effects such as tinnitus
and hearing loss (Bisht & Bist, 2011). Thus, to ensure the independent study of
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T2DM'’s effect on the auditory system individuals identified with these conditions
were excluded from the study.

The research study excluded participants with possible peripheral hearing loss by
assessing hearing thresholds and middle ear functioning (by use of immittance
measures) to ensure the delay in ABR wave latencies were not due to elevated
hearing thresholds but the effect of T2DM.

Individuals identified with possible middle ear pathology and/or hearing loss was
referred for further management.

Auditory brainstem response measures were conducted while participants were in
a relaxed state and sleeping was encouraged thus minimizing the influence of
participant artefacts on the ABR measures.

The validity of the ABR marked waves and reported data was increased by asking
two objective experienced audiologists to mark the waves.

The study made use of mixed and linear models of regression to analyse influence
on the wave V latency at various stimulation rates for DM alone, glucose alone,
the effect of DM when adjusted for glucose, the effect of glucose when adjusted
for DM and the interaction between DM and the increase of stimulation rates (DM
status®rate). To the researcher’s knowledge, no other research has conducted the
regression model analysis in ABR measures with various stimulation rates in
participants with T2DM.

To the researcher’s knowledge, no previous literature reported on the use of a rate
study for the identification of neural degeneration in T2DM patrticipants.

Limitations of the study

A possible limitation of the study was a small sample size, however, within the time
frame of which the study was carried out this was the maximum number of
participants that fulfilled the inclusion criteria.

The current study found that most of the participants in diabetes and age-matched
control group population were older, as is typical of the population with T2DM.
Some participants may have presented with a minimal high frequency hearing loss
at 4000 Hz or greater, despite a pure tone average of <25 dB HL, that could
influence the latency of ABR waves when using a click stimulus. However Hood
(1998) suggested that an increase in wave V latency would only

be measured in adults with thresholds of hearing greater than 50 dB HL at 4000Hz.
All participants presented with thresholds less than 40 dB at 4000Hz.

Also, the current study was limited in terms of the time and finances available for
each participant thus no in-depth testing, other than the Contour TS finger prick
blood glucose meter could be performed to ensure control group participants did
not include adults with undiagnosed T2DM. Additionally, some of the participants
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with T2DM may have had poorly controlled blood glucose levels due to the duration
of disease, not using medication regularly or an unhealthy lifestyle or just usual
variation of blood glucose values which may have influenced the ABR measures
on the day of testing.

Although age and gender matching reduced variables in the groups being
compared, this clustering of variables limits the type of analysis that can be
performed. A single less clustered participant group may have provided further
insights into the pathophysiology.

The current research study did not make any distinction between the duration of
the disease amongst those with T2DM.

The current study did not distinguish between good and poor glycaemic control
amongst the participants with T2DM. Further exploration of the use of the ABR rate
study, as a more sensitive measure of auditory neural function than that of the
neurodiagnostic ABR, in adults with T2DM with poorly controlled blood glucose
levels may provide additional insights into the pathophysiology.

4.5. Recommendation for future research

The current study was performed in a very limited time frame and the participants
had to be tested with no additional costs to them, thus the use of blood glucose
measures such as the HbAlc in future research may be better able to identify
control group participants who might be unaware that they have T2DM.

A stricter PTA may be used to confirm the findings of the current study as hearing
impairments in older participants, specifically in the high frequencies, may
influence the latency of click-evoked ABR waves used for testing across the
participant groups. For future, the use of a four frequency PTA and/or lower cut-
off level for normal hearing (e.g. <15 dB HL) will limit the influence of hearing loss
on the ABR measures and ensure the results were purely because of the effect
diabetes has on the 8™ cranial nerve and not any other hearing-related
pathologies.

The duration of the disease should be considered in future research as this could
influence the degree of neural degeneration that has occurred causing either an
increase or decrease in ABR wave latencies depending on the prolonged or
shorter duration of disease and uncontrolled blood glucose levels.

Behavioural measures that target the function of Superior Olivary Complex should
be further researched to assess the clinical use thereof for identification of
auditory neural degeneration and auditory rehabilitation for those diagnosed with
T2DM.

The inclusion of the interaural wave V differences and wave V/I amplitude ratio
between that of the T2DM and control group participants
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4.6 Conclusion

The current study set out to assess the auditory neural function of adults with T2DM and
normal behavioural audiometric thresholds, by means of ABR’s with various stimulation
rates. The neurodiagnostic ABR at a rate of 31.1 Hz indicated a statistically significant
delay in wave Ill latency in adults with compared to those without T2DM. The rate study
was able to identify more subclinical changes in the auditory neural pathway of
participants with T2DM by the greater shift in the latencies of wave V at the faster
stimulation rates for the T2DM group, although the latencies were not statistically
different from those participants without T2DM. Diabetes status alone and after
adjusting for glucose level and the glucose level alone and adjusted for diabetes status
was found not to be statistically significant for any of the wave V latencies at the various
rates thus having no effect on the rate study. Diabetes status was found not to be a
confounder in the relationship between ABR rate and wave V latency. The delayed
wave |l latency and the greater wave V latency shift measured is nevertheless of
clinical value. Subclinical neurophysiological pathology, specifically at the level of the
brainstem, may, therefore, add to the source of complaints relating to binaural hearing
difficulties in noise, in addition to high frequency hearing loss commonly found in adults
with T2DM.
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UNIVERSITEIT VAN PRETORIA Faculty of Humanities

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA Department of Speech-Language Pathology and Audiology

Chief Executive Officer

Steve Biko Academic Hospital
Private Bag x169

Pretoria

0001

Dear Dr Ernest Kenoshi
APPLICATION FOR PERMISSION TO CONDUCT A RESEARCH STUDY

I, Lucresia Kruger (Student number: 14039789) will be conducting a research study in
2018 for my Masters degree in Audiology at the Department of Speech-Language
Pathology and Audiology-University of Pretoria. | hereby request permission to conduct
my research study at the Diabetic Clinic at Steve Biko Academic Hospital with Prof
Paul Rheeder and Dr Tanja Kemp. If permission is granted, | plan to start with data
collection from January 2018.

The title of my study is: AUDITORY NEURAL FUNCTION OF NORMAL HEARING
ADULTS WITH TYPE 2 DIABETES MELLITUS

This study will aim of my study is to describe the auditory neural function of adults with Type 2
Diabetes Mellitus by means of Auditory Brainstem Responses with various stimulation rates,
presenting with normal behavioural audiometric thresholds. The results of the current study
can assist researchers in better determining subclinical hearing loss in individuals with
Type 2 Diabetes Mellitus compared to healthy participants. If any audiological problems

Faculty of Humanities
Department of Speech-Language Pathology and Audiology

Fakulteit Geesteswetenskappe
Departement Spraak-Taalpatologie en Oudiologie

Lefapha la Bomotho
Kgoro ya PhatholotSi ya Polelo-Maleme le Go kwa
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referral letter 10
4h the results and 8 : >
are identfied in the particpants | wil provide them ‘:m,d&og, at the University of
the Department of Speech-Language Pamo‘f‘yha:) 40 $0.
Pretora for further investigation shoubd they Wis

j ining information
Please findd attached the Access to Information form as | will be obla

from the patient's files.

Thank you for considering this requesl.

If you require any further information, contact:
Lucresia Kruger (student researcher)

at hucresiak@gmail com or 084 626 ESB5.

Sincerely,

/

% 4 — =
Dr ‘ lo 48 Jager Ban Vines
eseonron Supe :

Ferenroh Cu suparieac:
Emalt m.um'.oa Fman DanvinckEhup sc. e

|, Dr Emest Kenoshi, ereby give writen permission for the researchers 1o conduct this
research study at Steve Biko Academic Hospital.

g’

hi
ve Officer at Steve Biko Academic Hospital

Faculty of Humanitie
Deparsment of Sge«n.;onw ”)’O‘maﬂd‘udioiog

Fakulteit Geesteswetenskapp
Departameng Sp«uk-rnlpamloye en Ouadioiogl

Lefapha la Bomoth
Feora ya Prathalotti ys Polelo. Malerme fe Go kw
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Appendix D:
Permission letter to the Head of the Diabetes Clinic- Prof Paul
Rheeder at Steve Biko Academic Hospital (SBAH)
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UNIVERSITEIT VAN PRETORIA Faculty of Humanities
UNIVERSITY OF PRETORIA .
YUNIBESITHI YA PRETORIA Department of Speech-Language Pathology and Audiology

LETTER TO REQUEST PERMISSION FROM THE HOSPITAL
Steve Biko Academic Hospital — Diabetes Clinic

January 2018

The Diabetes Clinic
Steve Biko Academic Hospital
Pretoria

Dear Prof Paul Rheeder,
APPLICATION FOR PERMISSION TO CONDUCT A RESEARCH STUDY

[, Lucresia Kruger (Student number: 14039789) will be conducting a research study in
2018 for my Masters degree in Audiology at the Department of Speech-Language
Pathology and Audiology-University of Pretoria. | hereby request permission to conduct
my research study at the Diabetic Clinic at Steve Biko Academic Hospital. If permission
is granted, | plan to start with data collection from January 2018.

The title of my study is: AUDITORY NEURAL FUNCTION OF NORMAL HEARING
ADULTS WITH TYPE 2 DIABETES MELLITUS

This study will aim of my study is to describe the auditory neural function of adults with Type 2
Diabetes Mellitus by means of Auditory Brainstem Responses with various stimulation rates,
presenting with normal behavioural audiometric thresholds. The 30 participants in my
experimental group will undergo a single assessment lasting a minimum of 1-1 ¥ hours at the
Diabetic Clinic of Steve Biko Academic Hospital. The participants will undergo blood glucose
testing, auditory tests (otoscopy, acoustic immittance measurements and pure tone
audiometry) and an Auditory Brainstem Response assessment.
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Faculty of Humanities
Department of Speech-Language Pathology and Audiology
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Thank you for considening this request,
I you require any Nrther iormaticn, contaol:

Lucresia Kruger (wtudent researcher)
At lucresakg@Dgmail com or 084 020 BBBB

Sincerely,

Lucresia Kruger
Student Researcher

/

Dr h
o Jo,w

L ——

Email: h'ﬂ\-lﬂlo'b.up.-o.u Bmad ban wnoku ao ae

|, Prof Pau Rheeder, heraby glve written permission for the researchers to conduct this
research study at the Diabetic Clinic of Steve Biko Academic Hospital,

ot Paul Rhweder
Hm«uonmocumocmakomdmum
Emall: paul.rheeder@up.ac.za
[
Dmariment of Somech-Language "“‘W:‘m
Fakutteit "
Depariement SpraskTaslpatologie en Oudior
Lefapha la Bomothe
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Appendix E:
Permission letter to the CEO of Steve Biko Academic
Hospital (SBAH) for access to patient files and records
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%A' .. Aospias

| Data base &l

Permisgion to access Records:| Flles ] >
T > Hospnal
710..- [CEQ] Gt Exmculive Officer of gﬁA’ g

. Hospital .
Re: Permission to do research 8t _ .S-_&A'_ —

i el b
s}v:c;'-' ()Nk({“‘““ Sn-arure.,‘ﬂ_g,\t.«?&

gt No. 2cf 2000

TITLE OF STUDY:

This stisdy bs appeovod by Ihe rglevark Head of ’
o formmalion A
Thes request is loaged wih you b leees of the requirements of the Prometian of Apcess 1o

: niversty of Pretoria ! - — :
" t_he -l,’:,;n mybenst of 1 of us 10 conduct a study on 8

iama . g 41 : h
asdgiec bk [cier: grounss. Ths la.'j:::‘:tm aocass 1 paent records. This study invohves clnia (eseanch
ve ipcon e
. PRETA and data bases
The researchers request 0055 10 the foflowng infomation: chnical fikks, recoed books
ssional meetings e

them at peote
We intend b publsh hg fndinge of e stdy i 3 protessiondl ournal and/ of 10 present
Sympcsia, congreesas, or ohar meeings of such a rakure.

. . " ode numbar,
We intend 1o protest the perscaal idently of e saients by assigning each ingividsl 3 random ¢

I a rch
Wie undertake ol 10 procaed wih the shdy unli we have recalved 3pproval from 1he Faculy of Healh Sciences Resea

Ethics Commites, Unhersty of Prekda
Yours s o M
. Lcretna p«&u— -
PO Nare e——————
Tre ool wrveidgator

Permission to do the research study at this hospital / clinic and
to access the information as requested, is hereby approved, on
condition that there will be no cost to the hospital.

-
Title and name of Chief Executive Office )* e m AVl SV L
Name of hespital / clinic: .S_//’c-w e By e Bedoimec A “rp Feorz)

Signature: ~ Date: L é; ZJ’/ / /O

SV aen PrTT
A S8 WOy
BTEVE 0000 ACADEALY: Wy The.

208 -01- 10

SRRATSALIE A Y Al 3140

:;:p ANCIAL ..c{.l.v_nwun w1

T O e ai
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Appendix F:
Permission letter to Dr Frans Erasmus Diabetes Clinic
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LETTER TO REQUEST PERMISSION FROM THE CLINIC
Dr Frans Erasmus- Diabetes Clinic

February 2018

Dr Frans Erasmus
Diabetes Clinic

29 Jan Booysen Street
Annlin

Pretoria

0182

Dear Dr Frans Erasmus
APPLICATION FOR PERMISSION TO CONDUCT A RESEARCH STUDY

[, Lucresia Kruger (Student number: 14039789) will be conducting a research study in
2018 for my Masters degree in Audiology at the Department of Speech-Language
Pathology and Audiology-University of Pretoria. | hereby request permission to conduct
my research study at the Dr Frans Erasmus Diabetes clinic.

If permission is granted, | plant to start with collection from February 2018.

The title of my study is: AUDITORY NEURAL FUNCTION OF NORMAL HEARING
ADULTS WITH TYPE 2 DIABETES MELLITUS

This study will aim of my study is to describe the auditory neural function of adults with
Type 2 Diabetes Mellitus by means of Auditory Brainstem Responses with various
stimulation rates, presenting with normal behavioural audiometric thresholds. The
results of the current study can assist researchers in better determining subtle auditory
neurological changes in individuals with Type 2 Diabetes Mellitus compared to healthy
participants. If any audiological problems are identified in the participants | will provide
them with the results and a referral letter to the Department of Speech-Language
Pathology and Audiology at the University of Pretoria or any other private Audiologist for
further investigation should they wish to do so.
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Thank you for considering this request.

If you require any further information, contact;
Lucresia Kruger (student researcher)
at lucresiak@gmail.com or 084 626 8585.

Sincerely,

asmus hereby give written permission for the researchers to conduct this research study
Academic Hospital.

—Dr Fran
at Steve Bik

Dr Frans Erasmus

The Chief Executive Officer at
DR.F.F. s&é\g,;\%us DR. ERASMUS FRANS .
29 JAN BOOYSEN ST. 012567 7791
ANNLIN 012 567 7466
0129 MBChB

Faculty of Humanities
Department of Speech-Language Pathology and Audiology

Fakulteit Geesteswetenskappe
Departement Spraak-Taalpatologie en Oudiologie
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63



i IR
Appendix G:
Permission letter to Dr Frans Erasmus Diabetes Clinic for
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Permission to access Records / Files / Database at the

Dr Frans Erasmus Diabetes Clinic

To: Dr Frans Erasmus
Diabetes Clinic
29 Jan Booysen Street
Annlin
Pretoria
0182

From: Lucresia Kruger
Department of Speech-Language Pathology and Audiology

Re: Permission to do research at the Dr Frans Erasmus Diabetes Clinic

The title of the study is: Auditory Neural function of normal hearing adults with Type
2 Diabetes Mellitus.

The study is approved by the relevant Head of Department (HOD),
Dr Jeannie van der Linde

Dr Leigh Biagio de Jager, Prof Paul Rheeder and | are researchers; | am requesting
permission on behalf of all of us to conduct a research study on your patients with Type
2 Diabetes Mellitus. We will also require access to the patient files, their permission is
requested in the participant consent form to use their clinical information documented in

their file.

The request is lodged with you in terms of the requirements of the Promotion of Access to
Information Act. No.2 of 2000.

The researcher request access to the following information:
-Patients who have Type 2 Diabetes Mellitus

-The patient’s clinical files
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We intend to publish the results of the research study in a professional journal and/or at

meetings like symposia, congresses. or other meetings of such nature.

We intend to protect the personal identity of the patients by assigning each patient a
random code number.

We will not proceed with the research study until we have received approval from the
Faculty of Health Science Research Ethics Committee — University of Pretoria.

Yours Sincergly,

Email: lucresiak@gmail.com

PERMISSION TO CONDUCT THE ABOVE RESEARCH STUDY AT THIS
CLINIC AND TO ACCESS THE INFORMATION AS REQUESTED, IS HEREBY
APPROVED, ON CONDITION THAT THERE WILL BE NO COST TO THE

CLINIC
e
- ‘73/&31 3
Dr Frans Erasmus Date
Ovwmer

Dr Frans Erasmus Diabetic Clinic

DR.F.F.ERASMUS DR.ERASMUS FRANS E.
25 ENBO S 013 567 7791
Pyt st 012 567 7466
0129 MBChB
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Appendix H:
Permission letter to Drs. Joynt, Venter & van Rensburg and

associates at Park Medical Centre
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UNIVERSITEIT VAN PRETORIA Faculty of Humanities
UNIVERSITY OF PRETORIA = ; ; .
YUNIBESITHI YA PRETORIA Department of Speech-Language Pathology and Audiology

LETTER TO REQUEST PERMISSION FROM THE CLINIC
Dr’s Joynt Venter Van Rensburg and Associates Park Medical Centre

April 2018

Dr van Rensburg

Dr’s Joynt Venter Van Rensburg and Associates Park Medical Centre
P. O. Box 154

Witbank

1035

Dear Dr van Rensburg
APPLICATION FOR PERMISSION TO CONDUCT A RESEARCH STUDY

[, Lucresia Kruger (Student number: 14039789) will be conducting a research study in
2018 for my Masters degree in Audiology at the Department of Speech-Language
Pathology and Audiology-University of Pretoria. | hereby request permission to conduct
my research study at the Joynt, Venter, van Rensburg and associate’s diabetes clinic.
If permission is granted, | plant to start with collection from April 2018.

The title of my study is: AUDITORY NEURAL FUNCTION OF NORMAL HEARING
ADULTS WITH TYPE 2 DIABETES MELLITUS

This study will aim of my study is to describe the auditory neural function of adults with Type 2
Diabetes Mellitus by means of Auditory Brainstem Responses with various stimulation rates,
presenting with normal behavioural audiometric thresholds. The results of the current study
can assist researchers in better determining subtle auditory neurological changes in
individuals with Type 2 Diabetes Mellitus compared to healthy participants. If any
audiological problems are identified in the participants | will provide them with the
results and a referral letter to the Department of Speech-Language Pathology and
Audiology at the University of Pretoria or any other private Audiologist for further
investigation should they wish to do so.
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Thank you for considering this request.

If you require any further information, contact:
Lucresia Kruger (student researcher)
at lucresiak@gmail.com or 084 626 8585.

Sincerely, [0 .
4 Dr’s Joyuat, Venter & Ass.
: P.O. Box 154
Vi Witbank
= e 1035

Lucresia Kruger
Student Researcher

/
Dr Leigh Biagio de Jager
Supervising Researcher

I, hereby give written permission for the researchers to conduct this research study at Joynt, Venter,
van Rensburg and associates.

Dr van Rensburg
Head of Joynt, Venter, van Rensburg and associates clinic

Faculty of Humanities
Department of Speech-Language Pathology and Audiology

Fakulteit Geesteswetenskappe
Departement Spraak-Taalpatologie en Oudiologie

Lefapha la Bomotho
Kgoro ya Phatholotsi ya Polelo-Maleme le Go kwa
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Permission letter to Drs. Joynt, Venter & van Rensburg
and associates at Park Medical Centre for access to

patient files and records
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Permission to access Records / Files / Database at the

Dr’s Joynt, Venter, Van Rensburg and Associates

To: Dr Van Rensburg
Dr’s Joynt, Venter, Van Rensburg and Associates Park Medical Centre

P. O. Box 154
Witbank
1035

From: Lucresia Kruger
Department of Speech-Language Pathology and Audiology

Re: Permission to do research at Dr Joynt, Venter, Van Rensburg and Associates Park
Medical Centre

The title of the study is: Auditory Neural function of normal hearing adults with Type
2 Diabetes Mellitus.

The study is approved by the relevant Head of Department (HOD),
Dr Jeannie van der Linde

Dr Leigh Biagio de Jager, Prof Paul Rheeder and | are researchers; | am requesting
permission on behalf of all of us to conduct a research study on your patients with Type
2 Diabetes Mellitus. We will also require access to the patient files, their permission is
requested in the participant consent form to use their clinical information documented in
their file.

The request is lodged with you in terms of the requirements of the Promotion of Access to
Information Act. No.2 of 2000.

The researcher request access to the following information:
-Patients who have Type 2 Diabetes Mellitus

-The patient’s clinical files

We intend to publish the results of the research study in a professional journal and/or at
meetings like symposia, congresses, or other meetings of such nature.
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We intend to protect the personal identity of the patients by assigning each patient a
random code number.

We will not proceed with the research study until we have received approval from the
Faculty of Health Science Research Ethics Committee — University of Pretoria.

Yours Sincerely, -
/,Ad" ’,/'_ Dl"s Joy‘t’ Viese-~ 2. Agy,
/ ”f‘/é P.O. Box 1.+

f Witbank

Licresia Krugér 1035
Principal mvgstigator
Email: lucresiak@gmail.com

PERMISSION TO CONDUCT THE ABOVE RESEARCH STUDY AT THIS
CLINIC AND TO ACCESS THE INFORMATION AS REQUESTED, IS HEREBY
APPROVED, ON CONDITION THAT THERE WILL BE NO COST TO THE
CLINIC

6442013

Dr Van Date
Dr's Joynt Venter Van Rensburg and Associates
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Appendix J:
World Medical Association Declaration of Helsinki
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Spartal Communication

World Medical Asscociation Declaration of Helsinki
Ethical Pninaples for Medical Research

Involving Human Subjects
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informed consent form
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LRI TLT VAN PRS00 Faculty of Humanities
UNIZERSITY OF PRETEAIA
SUNMBERITMI YA #RETGRIn oartmernt of Soeech-Language Pathaogry and Audiniogy

INFOMRATION LEAFLET AND INFORMED CONSENT FOR TYPE 2 DIABETES

MELLITUS PARTICIPANTS
AUDITORY NEURAL FUNCTION OF NORMAL HEARING ADULTS WITHTYPE 2
DIABETES MELLITUS
January 2018
Dear Participant,

1) INTRODUCTION
You are Invied 10 volunieer for 3 research sudy Mat | am conducting for a Masters gegree In
Audiology at the Department of Speech-Language Pathoiogy and Audiology, Faculty of
Humanities, University of Pretoria. This Information leafiet is to help you to decide If you would
like to paricipate. Befors you agree to take part In this study you should fully understand what
Is Involved. If you have any questions, which are not fully explained in this leafiet, do not
hesitate to ask me Lucresia Kruger at 084 525 8S85. You should not agree to take part uniess
you are completely happy adbout al the procedures nvolved.

2) THE NATURE AND PURPOSE OF THE STUDY
The main aim of my study Is to describe the audhory neural function of adults with Type 2
Diabetes Mellitus by means of Auditory Brainstem Responses with varous stimuiation rates,
presanting with normai behavioural audiometric threshoids. An age and gender matched control
group will 3iso be Included In the study and will consist of participants without alabetes mellitus.

3) EXPLANATION OF PROCEDURES TO BE FOLLOWED

You will undergo 3 single assessment iasting a minimum of 1-1 % hours at the Diadetic Ciinic
of Steve Biko Academic Hospital . | will collect clnical information from your hospital flie and the
following procadures will be Iciuded In the assessment: Accu-Check Biood giucose monitoring
system. neamg 1ests and Audnory Brainsiem Response maasurements.

Facalny of Wamaniiey
Departme i SpeschLmg@uage Paithoaagy { \A0 Ky
Fakultelt Gessnoymetensiappn

DAnTTIN e Spraadk 1 ¥ anem Osia
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Summary of the tests that wil be used In this research stuay:

w;ﬂoq Test 5 Expeciad from parficipant
ACCU-Crack Blood A zmall prick i be maoe on your Angar and e biood Wi
ghucosze montonng then be roared rto the Accu-Chack Biood glucoze moniiorng
Zyzomm Tyziam 10 enzurs your biood guCoss leves ars within normal
Imis. This tezt might be of some dizcorfort
m TRoSCopy TNzpechon of T ear Canal 3nd eararnam wih 3 CAos00pe, Whie |
you are zeated upright
Acoustic Immitance You wil not have 20 respond In any way, 3 s0ft probe will be
Meazraants rsertad Into the sar canal while you are seatsd upright. Some
EX pressure bulid up wil ocour and loud souncs Wil be presented
Mmemm You wil be requirad 10 press 3 bumon when 3 beep zound Iz
heard rough sarphones

Aodiory Branzeem Yo Wil Mot have T0 resoond m any Way, SecTooes Wi be
Rezponze (ASR) teztng | piaced on and around the nead and nack ar=a and a 2oft probe
mzeriad In your sar Whlle you 3= ying on 3 bag

4) RISK AND DISCOMFORT INVOLVED
Thers are no risks Invoived In participating In the study. The assessment does have a long
duration and the participant may expenence some discomfort or fatigue, however the
objective measure that will be performed do give you time to relax and even sleep which
is recommended as no response from you is necessary. Some discomfort might be
experenced when 3ssessing the biood glucose i2vels but will be done quickly ang effectively.

S) POSSIBLE BENEFITS OF THIS STUDY
Ther will be no direct benefit to the partcipants. If 3 hearing probiem Is identmad, you will be
refemred to the Depariment of Speech-Language Pathology and Audiology for further
Investigation with 3 referral letter summarising your resuits.

€) WHAT ARE YOUR RIGHTS AS A PARTICIPANT
Your participation In this research stuagy Is voluntary. You can witharaw from the study at any
tme; data already collecied will be excluded from the study. This wil not 3fect your freatment at
the Diabetic Cilnic of Steve Blko Academic Hosplta)

7) HAS THIS STUDY RECEIVED ETHICAL APPROVAL
This study h3s recelved writien approval from the Research Ethics Commitiee of the Faculty of

Health Sciences at e Unlversity of Pretoria. Should you require any further nformation you
can contact them ar 012 356 3084 or 012 358 3085

8) INFORMATION AND CONTACT PERSON
The contact person for this study Is Ms Lucresia Kruger. If you have any questions about the
study feel free to contact me at 084 626 8535 or at lucresiak@gmall.com. Altematively you can
contact my supenvisor Prof Ban Vinck at Bar Vinck@up.3c.za or my co-supervisor Dr Leigh

Forattby o HAmmnin s
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Blaglo 02 Jager at leigh biaglo@up.ac.za or Prof Paul Rheeder at paul.rheeden@med.up.ac.za.

9) COMPENSATION
You wiil not be paid for participating In the swudy; no exira cosis are expected 1o be concurrad
Dy you.

10) CONFIDENTIALITY:
Personal Information from participants will be kept strictly confidential. A numeric code will be
allocatad to each participant; this code wil only be known to the researchers and supervisors.
Results wil be used In a scientific article and dissertation which will be made avaliabie within the
field of audiology.
All the results wil be siorea safely for 3 period of 15 years, as per unlversity polcy, this oata
may e used for future research.

11) CONSENT TO PARTICIPATE IN THIS STUDY
I have read this information document and | undersiand te above information. | heredy agree
participate In the above mentionad research project. | have read the adbove Information and
understand what is required of me In this research study. | acknowledage that my resuits may be
used anonymously for research purposes. | am aware that | participate voluntarily and that |
may withdraw from the research study 3t any time.
I have received a signed copy of this informed consent agreement.

Participant name
Participant signature " Date
Investigator's name

Investigator's signature " Date

Facumy Of Humanitws

ML OF SSwmsmth Lanpusie Fathalogy and Aosdci gy
Fakultelt Gesstoswetanchappe

lepwrigime 40 ndd A painh sen rAdciuge

LeTophe la Bumeiho
[P - I L) Wy )
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Witness name and signature Date

VERBAL INFORMED CONSENT

I, the undersigned. have read and explained fully to the partcipant the information
leafiet, which explains the nature, process, nsks, discomforts and benefits of the study,
in which | have asked the participant to participate in.

The participant acknowledges that the resuits may be used anonymously for research
purposes. The participant indicates that shehe understand what is expected of them.
She/he understands that there is no penalty should she/he wish to withdraw from the
study. This withdrawal will have no effect on his/her medical treatment in any way. |
hersby certify that the participant has agreed to particpate in this study.

Participant’s Name
(Please print)
Person seeking consent
(Please print)
Signature Date
Witness's name
(Please print)
Signature Date
Fakulialt Gorstsawstanshapne
o . . ) 3 'L-‘»p‘l— v Bomuaths
Faze 4 0rd
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Q=P

ATV EAST VAN PRRS301A Fatulty of Humanitiey
UNIPERSIIY OF PRETERIA ~ A
TUMIRERITM YA PRATORIR Qepartrment of Speech-Languege Fathology and Audiology

CONTROL GROUP PARTICIPANT INFOMRATION LEAFLET AND INFORMED

CONSENT
AUDITORY NEURAL FUNCTION OF NORMAL HEARING ADULTS WITH TYPE 2
DIABETES MELLITUS
January 2018
Dear Participant,

1) INTRODUCTION
You are Inviied 10 volunieer for a research study Mat | am congucting for 3 Masters gegree In
Audiology at the Department of Speech-Language Pathology and Audiology, Faculty of
Humanities, University of Pretoria. This Information leafiet is to help you to decide If you would
like to participate. Before you agree to take part In this study you shoukd fully understand what
Is involved. If you have any questions, which ars not fully expiained in this leafiet, do not
hesitate to ask me Lucresia Kruger at 084 525 8585. You shouid not agree to take part uniess
you are completely happy adout al the procedures nvolved.

2) THE NATURE AND PURPOSE OF THE STUDY

The main aim of my study s to describe the audhory neural function of adults with Type 2
Diabetes Meliitus by means of Auditory Erainstem Responses with various stimuiation rates,
presenting with normal behavioural audiometric threshoids. An age and gender matched controf
group will aiso be Included In the study and will consist of participants without dlabetes mellitus.

3) EXPLANATION OF PROCEDURES TO BE FOLLOWED
You will ungergo a single assessment lasting 3 minimum of 1-1 % hours at the Diadetic Ciinic
of Steve Blko Academic Hospital . | will coliect cinical Information from your hospital fie and the
following procadures will be Iciuded In the assessment: Accu-Check Biood glucose monitoring
system, hearing 12sts and Audhory Bransiem Response measurements.

Forvhty of Huminrmities
S ) ' o vl A Mok

Fakunisit Gosuteawstnrmthapne

' Hpmoinges » Mant

Lafagha la Damatho
Malerne ¢

Fagelof4

81



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qs YUNIBESITHI YA PRETORIA

Summary of the tests that wil be used In this resaarch study:

e T N e
Acou-Check Bood A smail prick Wi be mace on your Inger and e blood il
glucose montonng then be nzerad nto the Accu-Check Biood glucoze monitorng
system system 1 ensure your bicod gucose leveis are within normal
Imis. This test might be of some discomfort
m " LRDSCOpY TNZpechion of T e Cana| aNd eararam Wih 3 CO0oCc0Dpe, Wiie |
you are zaated upright
Acoustic | You wil nct have o0 respond In any way, 3 soft probe wil be
Measurements nseriad Into the 2ar canal while you are seated upright. Some
15 pressure balid up wil ocour and ioud soundcs Wil be presanted
Pure tone Audiometry You wil be required 10 pe=ss 3 bumon when a beep sound IS
:: heard rough sarphones
Audiory Bransem You wil nct have 20 respond 0 any way, Sectrodes wii be
Response (ASR) tezang piaced on and Jround the Read and neck rea and 3 of! probe
reried In your sar while you are 1ying on 3 bed

4) RISK AND DISCOMFORT INVOLVED
There are no risks Invoived In participating In the study. The assessment does have a long
duration and the participant may expenence some discomfort or fatigue, however the
objectve measure that will be performed do give you time to relax and even sleep which
is recommended as no response from you is necessary. Some discomfort might be
experencad when assessing the biood glucoss levels but will be dane quickly and effectively.

5) POSSIBLE BENEFITS OF THIS STUDY
There will be no direct benefit to the participants. If 3 hearing probiem s identifad, you will be
refemed to the Depariment of Speech-Language Pathology and Audiology for further
Investigation with a3 refermal letter summarising your resuits.

€) WHAT ARE YOUR RIGHTS AS A PARTICIPANT
Your participation in this research study Is voluntary. You can withdraw from the study at any
time; 0ata alreagdy colieci2d will be excluded from the study. This wi¥ notf STt your trestment af
the Diabetc Ciinic of Steve B0 Academic Hosplta)

7) HAS THIS STUDY RECEIVED ETHICAL APPROVAL
This study has received writien aporoval from the Research Ethics Commitiee of the Facuty of
Health Sciences at e University of Pretorla. Shouwld you require further Information you can
contact them at 012 358 3084 or 012 356 3065.

8) INFORMATION AND CONTACT PERSON
The contact person for this study Is Ms Lucresia Kruger. If you have any questions about the

Fmiulty ol 1hamianitiing
FARUISIE Garai s b amib ap e

Lofapte o Burrnthn
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study feel free to contact me at 084 626 8535 or at lucresiak@gmall.com. Allematively you can
contact my supenvisor Prof Bar Vinck at Ban Vinck@up.ac.za or my co-supervisor Dr Leigh
Blagio oe Jager at leigh biagho@up.ac.2a or Prof Paul Rheeder at paul.meeden@mead.up.ac.za.

9) COMPENSATION

You will not be paid for participating In the sudy; no extra cosis are expected 1o be concurrad

by you.

10) CONFIDENTIALITY:

Personal iInformation from participanis will be kept stricty confidential. A numeric code will be
allocatad to each participant this code wil only be known to the researchers and supervisors.
Results wil be used In 3 scientific articie and dissartation which wlil be made avaliabie within the

fiald of audiology.

All the results wik be stored safely for a period of 15 years, as per university policy, this data

may be used for future research.

11) CONSENT TO PARTICIPATE IN THIS STUDY

| have read this Information document and | understand Me above Information. | hersdy agree
paricipate In the adbove mentionad research project. | have read the above Information ang
understand what Is required of me In this research stugy. | acknowledge that my resuts may be
used anonymously for research puposes. | am awars that | participats voluntarly and that |

may withdraw from the research study at any time.
| have recelved a signad copy of this nformed consent agreemeant.

Participant name

Participant signature

Investigator's name

Investigator's signature

Faz=30r4

AT LTI

Faculty of Mumanitiem
Suaps Matrolary and Authhogy

Fakulten Geesteswecenskappe

o - T RADMA0LIE an DudiDges

(efapha s Bamuatha

Mueme = GO bwa
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Witness name and signature Date

VERBAL INFORMED CONSENT

I, the undersigned, have read and explained fully to the participant the information
leaflet, which explains the nature, process, nisks, discomforts and benefits of the study,
in which | have asked the particpant to participate in.

The participant acknowledges that the results may be used anonymously for research
purposes. The participant indicates that shehe understand what is expected of them.
Shehe understands that there is no penalty should she/he wish to withdraw from the
study. This withdrawal will have no effect on his/her medical treatment in any way. |
hereby certify that the participant has agreed to particpate in this study.

Participant’s Name

{Please print)
Person seeking consent
(Please print)
Signature Date
Witness's name
(Please print)
Signature Date
Fanuiion Gunitsamutanshappe
l Lefapha s Bamotha
Pazedora
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Appendix M:
Data capturing sheet for participants with Type 2
Diabetes Mellitus
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UNIVERSITEIT VAN PRETORIA Faculty of Humanities
UNIVERSITY OF PRETORIA .
YUNIBESITHI YA PRETORIA Department of Speech-Language Pathology and Audiology

DATA CAPTURING SHEET FOR PARTICIPANTS WITH TYPE 2 DIABETES
MELLITUS

AUDITORY NEURAL FUNCTION OF NORMAL HEARING ADULTS WITH TYPE 2
DIABETES MELLITUS

Informed consent signed and received: [J Numerical code:

Blood glucose level:

Date of testing:

Age: Gender: Male U Female U
Duration of T2DM:

Age of diagnoses:

Medication used for T2DM:

Other medications used:

Any other diseases/disorders:
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Do you smoke or use alchol:

Past/present exposure to loud noise, head trauma or neurological conditions or family
history of ear related pathologies :

Audiometric Results
Procedure Right Left
Otoscopy
Acoustic Tympanogram type: Tympanogram type:
Immittance | Ear canal pressure: daPa Ear canal pressure;_ daPa
Measures | Static compliancence: ml Static compliancence: __ ml
Ear canal volume: ml Ear canal volume: mi
Screening | 500 Hz: dB 500 Hz: dB
ipsi-lateral | 1000 Hz: dB 1000 Hz: dB
acoustic 2000 Hz: dB 2000 Hz: dB
reflexes 4000 Hz: dB 4000 Hz: dB
Pure tone |PTA: dB HL | PTA: dB HL
audiometr Regteroor/ Right Ear Linkeroor/Left Ear
y 0 125 250 500 1000 2000 4000 8000 0 125 250 500 1000 2000 4000 8000
10 10
20 20
O R R HEEEEEE o I I A
40 40
T R B D I A O I o I M
60 60
Y S R A - A A O O B e
80 80
0 RO S e I U SN L S O S B e
100 100
110 110
120 120
130 130
Auditory Sandard ABR protocol
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Brainstem
Response
(ABR)

Abselute latencies:

Abselute latencies:

Wave I ms Wave I. ms
Wave llI: ms Wave llI: ms
Wave V- ms | Wave V. ms
Interpeak latensies: Interpeak latensies:
Wave I-III: ms Wave I-IlI: ms
Wave |-V ms Wave |-V ms
Wave IlI-V: ms Wave IlI-V: ms
Amplitudes: Amplitudes:
Wave I [YAY4 Wave I [YAY4
Wave Il AV Wave Il [YAY4
Wave V: AV Wave V: [VAY

Faster rate ABR protocol
Abselute latencies: Abselute latencies:
Rate 45.1 Hz Wave V. ms | Rate 45.1 Hz Wave V: ms
Rate 61.1 Hz Wave V: ms | Rate 61.1 Hz Wave V: ms
Amplitudes: Amplitudes:
Rate 45.1 Hz Wave V: MV | Rate 45.1 Hz Wave V: VAV
Rate 61.1 Hz Wave V: MV | Rate 61.1 Hz Wave V: VAV

Researcher’s signature Date
Lucresia Kruger

1. Independent professional name and signature Date
2. Independent professional name and signature Date
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Appendix N:
Data capturing sheet for control group participants

DATA CAPTURING SHEET FOR CONTROL GROUP PARTICIPANTS

AUDITORY NEURAL FUNCTION OF NORMAL HEARING ADULTS WITH TYPE 2
DIABETES MELLITUS

Informed consent signed and received: [ Numerical code:

Blood glucose level:

Date of testing:
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Age:

Other medications used:

IVERSITEIT VAN PRETORIA
ERSITY OF PRETORIA
BESITHI YA PRETORIA

Faculty of Humanities

Department of Speech-Language Pathology and Audiology

Gender: Male U

Female U

Any other diseases/disorders:

Do

you smoke or use alchol:

Past/present exposure to loud noise, head trauma or neurological conditions or family

history of ear related pathologies :

Faculty of Humanities

Department of Speech-Language Pathology and Audiology

Fakulteit Geesteswetenskappe
Departement Spraak-Taalpatologie en Oudiologie

Lefapha la Bomotho

Kgoro ya Phatholotsi ya Polelo-Maleme le Go kwa

Audiometric Results
Procedure Right Left
Otoscopy
Acoustic Tympanogram type: Tympanogram type:
Immittance | Ear canal pressure: daPa Ear canal pressure:_ daPa
Measures | Static compliancence: mi Static compliancence:  ml
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Ear canal volume: mi Ear canal volume: mi
Screening | 500 Hz: dB 500 Hz: dB
ipsi-lateral | 1000 Hz: dB 1000 Hz: dB
acoustic 2000 Hz: dB 2000 Hz: dB
reflexes 4000 Hz: dB 4000 Hz: dB
Pure tone | PTA: dB HL | PTA: dB HL
audiometr
y Regteroor/ Right Ear Linkeroor/Left Ear
0 125 250 500 1000 2000 4000 8000 0 125 250 500 1000 2000 4000 8000
10 10
20 20
o [T B o I I R N
40 40
Y S A A B e - I NN
60 60
Y O R AN SN R - B B N N NNEME
80 80
R VU N - B B NN
100 100
110 110
120 120
130 130
Sandard ABR protocol
Abselute latencies: Abselute latencies:
Wave I[: ms Wave I[: ms
Wave llI: ms Wave llI: ms
Wave V- ms | Wave V: ms
Auditory Interpeak latensies: Interpeak latensies:
Brainstem Wave I-lII: ms Wave I-llI: ms
Response Wave |-V ms Wave |-V ms
(ABR) Wavg -V: ms Wavg -V: ms
Amplitudes: Amplitudes:
Wave I VAV Wave I. VAV
Wave llI: VAV Wave llI: VAV
Wave V. VAY Wave V. VAV

Faster rate ABR protocol
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Abselute latencies: Abselute latencies:

Rate 45.1 Hz Wave V: ms Rate 45.1 Hz Wave V: ms

Rate 61.1 Hz Wave V: ms | Rate 61.1 Hz Wave V: ms

Amplitudes: Amplitudes:

Rate 45.1 Hz Wave V: MV | Rate 45.1 Hz Wave V: A%

Rate 61.1 Hz Wave V: MV | Rate 61.1 Hz Wave V: AV
Researcher’s signature Date

Lucresia Kruger

1. Independent professional name and signature Date

2. Independent professional name and signature Date

Faculty of Humanities
Department of Speech-Language Pathology and Audiology

Fakulteit Geesteswetenskappe
Departement Spraak-Taalpatologie en Oudiologie

Lefapha la Bomotho
Kgoro ya Phatholotsi ya Polelo-Maleme le Go kwa
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Appendix O:
Participant’s summary of results (Referral letter)
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AMVEREITRLE VAN PRERERIA Faculty of Humanities
INIVERSITE OF PEETONIA - '
TAMIBASIERL YA PRRTONIA Departmaent of Speech-Languags thalogy and Audiolosy

PARTICIPANT'S SUMMARY OF RESULTS (REFERRAL LETTER)

AUDITORY NEURAL FUNCTION OF NORMAL HEARING ADULTS WITH TYPE 2
DIABETES MELLITUS

January 2018

Dear Participant,

Thank you for participating n the research study for my Masters degree n Audiology at e
Department of Speech-Language Pathology and Audiclogy, University of Pretoria.
EXPLANATION OF PROCEDURES FOLLOWED AND YOUR RESULTS

You underwent a single assessment each contrbuting to the data collection for my study.
Your results that will be used in this research study is recorded on the data captunng sheets
attached to this letter.

Your results indicate:
Normal results and no need for further audiciogical intervention (should you feel there is

any changes n your hearing abilites please have your hearing reassessed, an annual
hearing assessment s also recommended)

Hearing dificulties/changes idicated by one or more of the assessments done in this
study and follow up audiological intervention is reccomendead.

Farulty of Mumances
FaluiTe® Geesleywele i sppre

Lafapha W Barmathe
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Should any of the following  be indicated YES by the researcher please follow up with the

;?: Audiological difficulity Medical professional to follow up with | Notes

Yes low bicod glucose level | General practitioner (clinic) £ not curently

No i diag\osedu'ﬂ\diwe(tesm)elims

or the Diabetes Clinc Staff at Steve Biko
Academic Hospital # curently a patient
there

Yes | Abnomal Acoustic Genersal practitioner (clinic) .

No | Immitance measures andior | Ear, Nose and Throat specalist (Cinic)
Screening reflexes

Yes pure tone Audiologist-

No | audiometry (with normal at the Department of Speech-Language
acoustic mmtance Pathology and Audiclogy at the University
measures of Pretona (012 420 2357)

Yes | Abronmal ABR results (with | Audiologist-

No | nprmal/abnommal pure tone | at the Department of Speech-Language
resuits) Pathology and Audiclogy at the University

of Pretona (012 420 2357)

INFORMATION AND CONTACT PERSON

Personal information from participants will be kept sinctly confidential. A numeric code waill
be allocated to each participant; this code wil only be known to the researchers and
supervisors. Results will be used in a3 scientific articke and dissertation which will be made
available within the field of audiology.

Al the results will be stored safely for a period of 15 years, as per university policy, this data
may be used for future research.

The contact persons for this study is Ms Lucresia Kruges. ¥ you have any questions about
the studies feel free to contact us at lucresiak@gmai com . Allematvely you can contact my
supervisor Dr Leigh Biagio de Jager at lsigh bagio@up.ac.za.

Researcher’s signature
Lucresia Kruger

Page 2 of 2

Date

Faculty of Hamanities
Fakuleit Geesteswetenskappe

Lafapha s Bomaotho
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I, the Principal Investigator(s), Lucresia Kruger of the following trial/study titled:
AUDITORY NEURAL FUNCTION ON NORMAL HEARING ADULTS WITH TYPE 2 DIABETES
MELLITUS

will be storing all the research data and/or documents referring to the above-mentioned
trial/study at the following non-residential address:

Department of Speech-Language Pathology and Audiology

University of Pretoria

Corner of Lynnwood Road and Roper Street

Hatfield

South Africa

I understand that the storage for the abovementioned data and/or documents must be

maintained for a minimum of 15 years from the end of this trial/study.

Start date of the study: January 2018
Anticipated end date of study: September 2018
Year until which data will be stored: 2033

2

Principal Researcher Date
Lucresia Kruger

% >

Dr Leigh Biagio de Jager Date
Research supervisor
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Appendix Q:
Declaration of originality
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UNIVERSITEIT VAN PRETORIA Faculty of Humanities
UNIVERSITY OF PRETORIA - -
YUNIBESITHI YA PRETORIA Department of Speech-Language Pathology and Audiology

DECLARATION OF ORIGINALITY
UNIVERSITY OF PRETORIA

The Department of Speech-Language Pathology and Audiology places great
emphasis upon integrity and ethical conduct in the preparation of all written work
submitted for academic evaluation.

While academic staff teaches you about referencing techniques and how to avoid
plagiarism, you too have a responsibility in this regard. If you are at any stage uncertain
as to what is required, you should speak to your lecturer before any written work is
submitted.

You are guilty of plagiarism if you copy something from another author’s work (e.g. a
book, an article or a website) without acknowledging the source and pass it off as your
own. In effect, you are stealing something that belongs to someone else. This is not only
the case when you copy work word-for-word (verbatim), but also when you submit
someone else’s work in a slightly altered form (paraphrase) or use a line of argument
without acknowledgingit. You are not allowed to use work previously produced by another
student. You are also not allowed to let anybody copy your work with the intention of
passing it off as his/her work.

Students who commit plagiarism will not be given any credit for plagiarised work. The matter
may also be referred to the Disciplinary Committee (Students) for a ruling.

Plagiarism is regarded as a serious contravention of the University’s rules and can lead to
expulsion from the University.

The declaration which follows must accompany all written work submitted while you are

a student of the Department of Speech-Language Pathology and Audiology. No written
work will be accepted unless the declaration has been completed and attached.

Full names of student: Lucresia Kruger
Student number: 14039789
The topic of work: Auditory neural function in normal hearing adults with Type 2
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Diabetes mellitus

Declaration
1. | understand what plagiarism is and am aware of the University’s policy in this regard.
2. | declare that this dissertation (E.g. essay, report, project, assignment, dissertation,

thesis, etc.) is my own original work. Where other people’s work has been used
(either from a printed source, Internet or any other source), this has been properly
acknowledged and referenced in accordance with departmental requirements.

3. | have not used work previously produced by another student or any other person to
hand in as my own.

4. | have not allowed, and will not allow, anyone, to copy my work with the intention of
passing it off as his or her own work.

SIGNATURE:

Fakulteit Geesteswetenskappe

Departement Spraak-Taalpatologie en Oudiologie

Lefapha la Bomotho
Kgoro ya Phatholotsi ya Polelo-Maleme le Go kwa
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Appendix R:
Letter of clearance from the Biostatistician
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LETTER OF CLEARANCE FOR STATISTICS

Auditory neural function of normal hearing adults with type 2 diabetes mellitus.

Lucresia Kruger
For MA Audiology

| hereby confirm that | am aware of the project and will undertake to assist with the statistical
analysis of the data generated from the project.

The Data Analyses will consist of
» Descriptive statistics (means, medians, standard deviation and range, numbers and

percentages)

« 2 Group comparisons will be made using the appropriate statistics for data
(continuous and categorical) taking into account that data was matched at an
individual level, for example, Wilcoxon matched pairs test or the McNemar test.

Sample size
+ A sample size of 30 participants in each group allows detection of differences

between 1 and %2 standard deviation with 80% power and alpha set at 0.05. It will
also detect a difference in proportions of 20% or more.
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