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Abstract 

 
Diabetes mellitus (DM) is a universal health problem. According to the International 

Diabetes Federation (IDF), 425 million people world-wide are affected by DM. With 

such high incidence of DM, health professionals aim to avoid possible secondary 

disorders which impact health related quality of life (HRQoL) (Kamali, 

Hajiabolhassan, Fatahi, Esfahani, et al., 2013)(a). These secondary disorders 

include disorders of the inner ear.  

 

The aim of the current study was to describe auditory-vestibular function in adults 

with type 1 DM and to determine the impact of the disease on their risk of falls and 

HRQoL. Data from this group was compared to data obtained from a control group of 

non-diabetic age and gender matched adults. A total of 30 type 1 DM participants 

and 30 non-diabetic participants were included in the study. Participants underwent a 

series of tests. Auditory tests: otoscopy, acoustic immittance measurements and air 

conduction (AC) pure tone audiometry were done. Vestibular tests included cervical- 

and ocular vestibular evoked myogenic potentials (cVEMPs and oVEMPs) and video 

head impulse test (vHIT). Fall risk assessments included dynamic gait index (DGI), 

berg balance scale (BBS) and timed up and go test (TUG). Participants also 

completed the EQ-5D-5L Health Questionnaire.    

 

A significant difference was observed between the diabetic and non-diabetic groupsô 

4-tone pure tone average (PTA) and thresholds for frequencies 250Hz-4000Hz in the 

left ear and at 250Hz-8000Hz in the right ear. No significant differences were present 

in cVEMPs between the two groups. The diabetic group was more likely to have 

absent oVEMPs on the right. For the right ear a significant difference was present 

between the diabetic and non-diabetic participants median oVEMP N1 latency but 

was still within normal limits for both groups. For both ears a significant difference 

was present in oVEMP amplitude. A significant difference was present between the 

diabetic and non-diabetic groupsô vHIT anterior gain and posterior gain for the left 

and right ear respectively. The fall risk assessment scores in the current study 

indicated a low fall risk and good mobility in both groups. Diabetic participants rated 

their HRQoL to be significantly poorer than the non-diabetic participants. 
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Type 1 DM individuals had a significantly higher occurrence of auditory dysfunction, 

a higher occurrence of vestibular dysfunction but not for risk of falling compared to 

the non-diabetic participants. Furthermore, diabetic participants were found to have a 

significantly poorer HRQoL. Hearing and vestibular function tests as well as 

psychosocial support need to be considered as an integral part of type 1 DM 

patientôs management strategy. The auditory- and vestibular function of individuals 

with type 1 DM should be closely monitored to better prevent further damage that 

places them at a higher risk of falls and serious life threatening injuries which will 

decrease patients HRQoL.   
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Chapter 1: Introduction 

 

1.1 Diabetes mellitus 

Diabetes mellitus is a universal health problem. This metabolic disorder is 

characterized by partial or absolute insulin deficiency due to inadequate insulin 

production or deficient sensitivity of target tissues to the action of insulin (Rigon, 

Garcia Rossi, & Cóser, 2007). Diabetes mellitus is a world-wide pandemic that can 

lead to public health and socio-economic problems. People that live in developing 

countries, minority groups and disadvantaged communities are at a greater risk for 

these problems (Mbanya, Motala, Sobngwi, Assah, & Enoru, 2010).   

 

Diabetes mellitus is classified according to the aetiology of the disorder (American 

Diabetes Association, 2017). The two major types of DM can be distinguished as 

follows: type 1 DM is characterized by the loss of beta cells with total or relative 

insulin deficiency causing hyperglycemia and hypoinsulinemia (Jauregui-Renaud, 

2016; Rigon et al., 2007). The pancreas produces little or no insulin. Type 2 DM is 

characterised by insulin resistance, whereby the target tissue has a lowered level of 

response to the insulin produced by the pancreas (Kamali et al., 2013)(a). The body 

therefore does not use insulin properly. Another type of DM is gestational diabetes. 

This type of diabetes is usually diagnosed during the second or third trimester of 

pregnancy. Pregnancy can predispose women to DM. Gestational DM develop when 

the pancreatic function cannot overcome the diabetogenic environment caused by 

pregnancy. Gestational DM can cause health problems for both the mother and the 

baby. Long term effects for the baby include DM during childhood, obesity, impaired 

motor function and hyperactivity. There is also a higher risk for birth complications 

such as preterm birth. The mother has an increased risk of developing type 2 DM 

after the pregnancy (Hoffert Gilmartin, Ural, & Repke, 2008). In addition, DM can be 

attributed to other causes including monogenic diabetes syndromes, diseases of the 

exocrine pancreas and drug- or chemical induced diabetes (American Diabetes 

Association, 2017). Type 2 DM is the most common type of diabetes, accounting for 

more than 90% of all cases (Amod et al., 2012), while type 1 DM accounts for 10-

15% of all cases (Rance et al., 2014).  
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According to the International Diabetes Federation (IDF), 425 million people world-

wide are affected by DM. An estimated 16 million DM cases in Africa were reported 

in 2017 and by 2045 this estimate is expected to increase to 41 million. Additionally, 

it is estimated that two-thirds of people with DM in Africa are undiagnosed (IDF, 

2017). Nearly half of the deaths due to high blood glucose occur before the age of 70 

and the World Health Organization (WHO) predicts that DM will be the seventh 

leading cause of death by 2030 (WHO, 2017). Because of the high number of 

individuals with DM health professionals aim to avoid possible secondary disorders 

caused by DM, which may impact the individualsô quality of life (QOL) (Kamali et al., 

2013)(a). To prevent secondary disorders optimal glycaemic control as well as 

avoiding and treating coexisting risk factors are necessary (Dornhorst & Merrin, 

1994). These secondary disorders include disorders of the inner ear.  

 

1.2 Diabetes mellitus complications 

Deficits in insulin secretion or insulin action caused by DM lead to abnormalities in  

carbohydrate, protein and fat metabolism (Klagenberg, Zeigelboim, Jurkiewicz, & 

Martins-Bassetto, 2007). Diabetes mellitus also interferes with the metabolism of 

glucose and causes chronic hyperglycaemia commonly known as high blood sugar. 

Hyperglycaemia is a typical complication associated with type 1 -and type 2 DM. It is 

said to be the main causal factor for the incidence and development of angiopathy 

(Jauregui-Renaud, 2016). Angiopathy refers to a disease of the blood vessels, 

characterized by the abnormal development of new blood vessels (Xu, Kanasaki, 

Kitada, & Koya, 2012). Diabetic angiopathy causes microvascular and 

macrovascular complications.  

 

Microvascular complications can be described as complications that permanently 

affect the small blood vessels in the body (Fowler, 2008). The narrowing of small 

blood vessels leads to damage and failure of various organs and tissues of the body 

causing diabetic nephropathy, neuropathy and retinopathy (Fowler, 2008; Kamali et 

al., 2013)(a). Macrovascular complications affect the larger blood vessels in the 

peripheral or coronary vascular system. Macrovascular complications include the 

process of atherosclerosis which causes narrowing of the arterial walls in the body 

(Fowler, 2008). This leads to coronary artery disease, peripheral arterial disease and 

stroke.  
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The primary cause of morbidity and mortality in DM is the direct and indirect effects 

of hyperglycemia on the human vascular tree (Fowler, 2008). In addition to the 

above mentioned complications, abnormal glucose metabolism, which causes 

hyperglycaemia, can effect proper functioning of the inner ear structures (Rigon et 

al., 2007). 

 

1.3 Diabetes mellitus effects on the inner ear 

The inner ear consists of the sensory organs for hearing and balance which include 

the cochlea and vestibular end-organs. These organs are innervated by the eighth 

cranial nerve and share the same blood supply (Stach, 2010). Due to the shared 

nerve and blood supply, DM can cause damage not only to the auditory system, but 

also to the vestibular end-organs (Ward et al., 2015).   

 

Glucose and insulin levels need to be balanced for appropriate inner ear functioning 

(Malucelli et al., 2012). Even minor changes in blood glucose can affect the inner ear 

(Kamali et al., 2013)(a) and lead to alterations in auditory- and/or vestibular function 

(David, Finamor, & Buss, 2015). Symptoms of auditory dysfunction can include 

hearing loss, tinnitus and aural fullness, while symptoms of vestibular dysfunction 

can include vertigo, dizziness or imbalance (Klagenberg et al., 2007).  

 

The metabolic changes that occur in DM such as hyperglycaemia, hyperinsulinemia 

and hypoglycaemia could possibly cause angiopathy and neuropathy, which can 

lead to any type of hearing loss and vestibular dysfunction (David et al., 2015). The 

effective functioning of the inner ear depends on the stability of the internal 

environment as created by microcirculation (Xipeng et al., 2013). Oxygen and 

nutrient rich blood are delivered to body tissues including the inner ear through small 

blood vessels. Sensory hair cells in the inner ear are vulnerable to ischemia 

therefore microcirculation is necessary to maintain the ion and fluid balance in the 

inner ear (Shi, 2011). Abnormalities in microcirculation can cause end-organ damage 

(Struijker-boudier, 2007). Angiopathy negatively effects this microcirculation, by it 

reducing the transport and flow of blood to the inner ear (David et al., 2015). 

Complications in cochlear blood supply can lead to cochlear dysfunction (Xipeng et 

al., 2013). The vestibular end-organ also depends on a constant supply of oxygen 

and glucose which is impeded by angiopathy (David et al., 2015).  
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Another cause to consider related to vestibulocochlear manifestations in DM is 

neuropathy. Neuropathy can be described as the progressive degeneration of nerve 

fibresô axons (David et al., 2015). Diabetic neuropathy is characterised by a 

decrease in motor and sensory activity of the peripheral nerves, as well as 

demyelination of nerves which in turn cause a decrease in the conduction velocity. 

This in turn can lead to labyrinth dysfunction (David et al., 2015).    

 

1.4 Diabetes mellitus and hearing loss  

Diabetes mellitus is the metabolic disorder most commonly associated with auditory 

dysfunction (David et al., 2015). The relationship between DM and hearing loss has 

been studied by various researchers (DŃbrowski, Mielnik-niedzielska, & 

Nowakowski, 2011; Gawron, Pospiech, Orendorz-Fraczkowska, & Noczynska, 2002; 

Hou, Xiao, Ren, Wang, & Zhao, 2015; Jauregui-Renaud, 2016; Teng et al., 2017). 

However, the relationship between DM and hearing loss still remains controversial 

(Ciorba, Aimoni, & Bovo, 2012).  

 

Previous research (Kalkan, Bayram, Gökay, Cura, & Mutlu, 2018; ¥zel, ¥zkiriķ, 

Gencer, & Saydam, 2013; Pandey, Pandit, & Kumar Pandey, 2016; Prakash & 

Sumathi, 2013; Herrera-Rangel et al., 2015; Razzak, Bagust, Docherty, Hussein, & 

Al-Otaibi, 2015; Sahu & Sinha, 2015; Ward et al., 2015) focused primarily on the 

auditory and vestibular function of people with type 2 DM due to its higher incidence, 

but it is still unclear if the same alterations occur in those with type 1 DM. The limited 

studies that reported on type 1 DM found a close link between hearing loss and 

diabetes (Austin et al., 2009; DŃbrowski et al., 2011; David et al., 2015; Hou et al., 

2015; Malucelli et al., 2012; Rance et al., 2014; Teng et al., 2017; Xipeng et al., 

2013). Individuals with any type of DM can experience symptoms such as tinnitus 

and aural fullness (David et al., 2015). In a systematic review and meta-analysis of 

the association of type 1 DM with auditory dysfunction, researchers found that 

individuals with type 1 DM have a significantly higher prevalence of hearing loss 

compared to healthy controls with a pooled odds ratio of 49.08 (Teng et al., 2017). 

The hearing loss proved to be mild or subclinical, bilateral, progressive, 

sensorineural and predominantly in the high frequencies (DŃbrowski et al., 2011; 

Hou, Xiao, Ren, Wang, & Zhao, 2015; Jauregui-Renaud, 2016; Teng et al., 2017). 

However sudden unilateral hearing loss can also occur (Malucelli et al., 2012). Due 
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to the high frequency nature of the hearing loss associated with DM, individuals 

usually do not notice a decline in hearing (Xipeng et al., 2013).  

 

Dabrowski et al. (2011) reported that the mean hearing threshold for type 1 DM 

participants was worse in the higher frequencies (3000Hz-12000Hz) when compared 

to that of healthy participants. A total of 6/31 (19.35%) type 1 DM participants had 

hearing loss compared to only 3/26 (11.54%) healthy participants. The mean 

transient evoked otoacoustic emissions (TEOAE) amplitude for the type 1 DM 

participants were smaller. Auditory brainstem responses (ABR) were also affected. 

The wave V latency and wave I-V interamplitude latency were longer compared to 

that of the healthy participants. A study by Malucelli and colleagues (2012) found 

type 1 DM individuals to have a higher mean hearing threshold at any frequency. A 

total of 23/30 (76,7%) diabetic individuals had hearing loss compared to only 12/30 

(40%) non-diabetic participants. Hou and colleagues (2015) found significantly 

elevated audiometric thresholds at 250Hz, 1000Hz, 2000Hz, 4000Hz, and 8000Hz in 

the right ear and in the left ear at 250Hz, 500Hz, 1000Hz, 4000Hz and 8000Hz in the 

type 1 diabetic participants, compared to non-diabetic participants. The mean of the 

pure tone thresholds for these frequencies were still within normal limits for both 

groups (<25dBHL). Nevertheless, in total 24/50 (48%) individuals with DM presented 

with hearing loss. 

 

Auditory dysfunction proves to be related to disease duration, high density 

lipoprotein (HDL) cholesterol level, systemic blood pressure, microalbuminuria, 

glycosylated haemoglobin (GHbA1c), triglyceride and age of the patient (Hou et al., 

2015). The study by Hou and colleagues (2015) indicated that a longer disease 

duration, a lower HDL cholesterol level and a higher systolic blood pressure level 

may increase type 1 diabeticsô risk of hearing loss. Another study concluded that 

poorly controlled and complicated diabetic individuals are at an even higher risk of 

developing hearing loss (Sunkum & Pingile, 2013).  

  

In contrast, other studies found that hearing loss is not that frequent in type 1 DM 

individuals compared to healthy controls (De Espana, Biurrun, Lorente, & Traserra, 

1995; Pessin et al., 2008; Tavakoli, Talebi, Shushtari, Tehrani, & Faghihzadeh, 

2014). Pessin et al. (2008) only found 4/40 (10%) diabetic individuals with a mild 
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sensorineural hearing loss, predominantly in the high frequencies. De Espana et al. 

(1995) reported that hearing loss in DM individuals is not a usual feature. In the 

study type 1 DM individuals were divided into two groups, group A consisted of type 

1 early diabetics and group B consisted of type 1 chronic diabetics. In group A 0/17 

(0%) had hearing loss and only 9/30 (30%) in group two. In another study, pure tone 

audiometric thresholds in 15 type 1 DM participants and 10 healthy controls showed 

normal hearing in all the participants (Tavakoli et al., 2014). The incidence of hearing 

loss in diabetic individuals varies from 0% to 93% (Chamyal, 1997). These 

contradictory findings may be due to different study populations and test methods 

used.  

 

1.5 Diabetes mellitus, vestibular dysfunction and risk of falling 

Vestibular dysfunction is still a newly recognized secondary manifestation of DM 

(Schubert et al., 2010). Literature is generally sparse on this topic (Gawron et al., 

2002). The central and peripheral vestibular system are affected by microangiopathy 

(Prakash & Sumathi, 2013). Microangiopathy causes ischemia of the vestibular 

apparatus and alters the inner ear fluid metabolism leading to labyrinthine 

dysfunction (Kalkan et al., 2018). The range of vestibular end-organ impairment, 

specifically in individuals with type 1 DM, seems to depend mainly on the presence 

and character of hypoglycaemic incidents (Gawron et al., 2002). Furthermore the 

duration of the disease and to some degree, the control of blood glucose levels, may 

also affect vestibular end-organ impairment in type 1 DM (Gawron et al., 2002).  

 

To date only a few studies reported vestibular dysfunction in individuals with type 1 

DM (Gawron et al., 2002; Kamali et al., 2013; Kamali, Hajiabolhassan, Fatahi, & 

Nasliesfahani, 2013; Klagenberg et al., 2007; Prakash & Sumathi, 2013; Rigon et al., 

2007; Scherer & Lobo, 2002; Tavakoli et al., 2014). Klagenberg and colleagues 

(2007) performed video electronystagmography tests (VENG) including spontaneous 

nystagmus test, positional nystagmus test, pendular tracking test, optokinetic 

nystagmus test, pre-and post-rotary nystagmus with the pendular swing rotary test, 

and investigation of pre- and post-caloric nystagmus. All the test results were within 

normal limits except caloric results which were not. A total of 18/30 (60%) of the 

individuals with type 1 DM included in their study had vestibular dysfunction. Of 

these individuals 13/30 (43%) did not report feelings of dizziness. Another study 
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performed VENG tests, including semi-spontaneous nystagmus test, 

directional/fixating nystagmus test, optokinetic nystagmus test, pendular tracking 

test, decreasing pendular caloric test and caloric test. Similarly only the caloric test 

results were abnormal in 7/19 (36.84%) type 1 DM individuals (Rigon et al., 2007).  

 

Scherer and Lobo (2002) performed an electronystagmographic (ENG) evaluation 

including spontaneous nystagmus test, semi-spontaneous nystagmus test, pendular 

tracking, optokinetic nystagmus test and pre- and post-caloric nystagmus. Peripheral 

vestibular dysfunction was found in 8/12 (66.7%) individuals with type 1 DM as 

indicated by altered caloric test results. In the group with abnormal results, 62.5% of 

the individuals did not report any dizziness symptoms. Therefore the vestibular end-

organ can be affected in individuals with type 1 DM, even when such individuals do 

not have any symptoms or complaints (Rigon et al., 2007; Scherer & Lobo, 2002). 

Interestingly, Gawron et al. (2002) reported that the metabolic disturbances found in 

type 1 DM cause disturbances in the peripheral vestibular structures, but mostly in 

the central structures as shown by impaired optokinetic responses observed in 36/95 

(37.89%) diabetic participants, spontaneous nystagmus in 10/95 (10.53%) 

individuals and the presence of positional nystagmus in 21/95 (22.11%) individuals. 

 

When comparing cervical vestibular evoked myogenic potential (cVEMP) results of 

participants with type 1 DM with healthy controls, the cVEMP responses of 

individuals with type 1 DM were more affected than healthy participants (Kamali et 

al., 2013)(b). The latencies of P1 and N1 were significantly longer in individuals with 

type 1 DM. No correlation was found between VEMP responses and GHbA1c levels 

and the average blood glucose concentration over three months. Additionally, there 

were no differences in the absolute and relative amplitudes of the VEMP responses 

between the experimental and control group (Kamali et al., 2013)(b). Another study 

compared the cVEMP responses of 15 individuals with type 1 DM, 15 individuals 

with type 2 DM and 10 healthy participants. The researchers concluded that only the 

cVEMP amplitudes were statistically different between type 1 DM participants and 

non-diabetic participants (Tavakoli et al., 2014). Further detailed information for the 

two above mentioned research studies could not be retrieved because the original 

article could not be translated. Individuals with type 1 DM and complications such as 

neuropathy are at an even higher risk for vestibular dysfunction compared to 
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individuals without neuropathy (Kamali et al., 2013)(a). Kamali and colleagues 

studied the cVEMP responses of participants with DM and neuropathy, participants 

with DM without neuropathy and healthy participants. Mean peak latencies of P1 and 

N1 for individuals with DM and neuropathy were longer for individuals with DM 

without neuropathy and healthy participants, however the exact number of 

participants with abnormal test results were not reported (Kamali et al., 2013)(a).  

 

Only one study to date on type 1 DM participants included the video head impulse 

test (vHIT) in their research design to investigate horizontal SSC function (Rance et 

al., 2014). However, the researchers only performed the horizontal vHIT in ten type 1 

DM participants and ten non-diabetic participants. The average bi-directional gain for 

all the type 1 DM participants were normal (>0.68) except for one that had an 

asymmetrical gain. 

 

Diabetes mellitus is not only associated with vestibular dysfunction but also an 

increased risk of falls. The vestibular system provides spatial orientation information 

to maintain balance in static and dynamic conditions. Due to this function, vestibular 

dysfunction as seen in DM is associated with an increased risk of falls and balance 

problems (Silva, Lin, Staecker, Whitney, & Kluding, 2016; Yang, Hu, Zhang, & Zou, 

2016). Falls can lead to a decline in functional and emotional status (Schubert et al., 

2010), which in turn decreases QOL (Yang et al., 2016). A recent literature review 

concluded that especially older adults with DM are at risk of falling with a risk ratio of 

1.64. The risk of falls seems to be even higher for those individuals using insulin 

treatment with a risk ratio of 1.94 compared to a risk ratio of 1.27 for those not using 

insulin treatment. (Yang et al., 2016). Even after adjusting for retinopathy and 

peripheral neuropathy, vestibular dysfunction independently increases the odds of 

falling more than 2-fold (odds ratio 2.3) in individuals with DM (Schubert et al., 2010).  

 

Current knowledge of vestibular function in type 1 DM individuals is limited. To our 

knowledge, the nature of utricle function in type 1 DM individuals has not been 

investigated yet. Due to this limited knowledge, the true nature and extent of 

vestibular dysfunction in type 1 DM is still unclear.  
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1.6 Rationale 

Vestibular- and hearing dysfunction can be overlooked if only certain parts of the 

inner ear are tested as previous research studies have done. Since type 2 DM is the 

most common, previous research primarily focused on the vestibular function of 

people with type 2 DM but it was unclear if the same alterations occured in those 

with type 1 DM. In its current format the rationale for specifically studying the effects 

of type 1 DM remains unclear. The aim of the present study was to describe 

auditory-vestibular function in a group of adults with type 1 DM, and to determine the 

impact of the disease on their risk of falling and health related quality of life (HRQoL).  
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Chapter 2: Methodology 

 

2.1 Research aim 

This study aimed to describe auditory-vestibular function in adults with type 1 DM, 

their risk of falls and HRQoL, in comparison with healthy non-diabetic adults.   

 

2.2 Research design and setting 

This prospective research was quantitative, quasi-experimental- and cross-sectional 

in nature. Two groups were observed to determine the incidence of a specific 

outcome (De Rango, 2016). Quantitative/numerical data (Zulfiqar & Bhaskar, 2016) 

was collected in the form of decibels, seconds, VEMP latencies and vHIT gains. To 

be able to establish a potential association (Thompson & Panacek, 2006) between 

type 1 DM and inner ear dysfunction a quasi-experimental design was used. 

Furthermore a control group was included in the study to be able to closely compare 

and identify differences in test results between participants with type 1 DM and those 

without DM. To as far as possible study the independent effect of type 1 DM on the 

inner ear not all volunteers were included in the study, only volunteers who met the 

inclusion and exclusion criteria (Setia, 2016).  

 

The testing of the participants in the diabetic (experimental) group took place at the 

Diabetic Clinic of Steve Biko Academic Hospital (SBAH) under the guidance of Prof 

Paul Rheeder (Head of clinic), the Diabetes Centre of Mediclinic Heart Hospital 

under the guidance of Dr Mary Seeber, Diabetes Centre Hatfield under the guidance 

of Dr Betsie Kloppers and at Dr Frans Erasmus Diabetic Clinic under the guidance of 

Dr Frans Erasmus. The healthy, non-diabetic participants (control group) included 

friends and family of the researcher that were tested at the Department of Speech-

Language Pathology and Audiology, University of Pretoria.  

 

2.3 Ethical considerations and informed consent  

To ensure that this research study complied with ethical standards, the World 

Medical Association Declaration of Helsinki ethical principles for medical research 

involving human subjects (page 4) were followed. 
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2.3.1 Permission 

Ethical clearance was obtained from the Research Ethics Committee of the Faculty 

of Health Sciences, University of Pretoria (Appendix A).  

Ethical clearance was also obtained from the Research Ethics Committee of the 

Faculty of Humanities, University of Pretoria (Appendix B).  

Permission to invite the patients with type 1 DM to participate in this study were 

obtained from the Head of the Diabetic Clinic at SBAH, Prof Paul Rheeder (Appendix 

C), the Head of the Diabetes Centre at Mediclinic Heart Hospital, Dr Mary Seeber 

(Appendix D), Dr Betsie Kloppers at the Diabetes Centre Hatfield (Appendix E) and 

from Dr Frans Erasmus, at Dr Frans Erasmus Diabetic Clinic (Appendix F). 

Permission to invite the patients from the Diabetic clinic at SBAH with type 1 DM to 

participate in this study and to access patientsô files were obtained from Dr Ernest 

Kenoshi, chief executive officer (CEO) of SBAH (Appendix G). 

Permission to access patientsô files was requested from the Head of the Diabetes 

Centre at Mediclinic Heart Hospital (Appendix H).  

Permission to access patientsô files was requested from Dr Frans Erasmus at Dr 

Frans Erasmus Diabetic Clinic (Appendix I).  

 

2.3.2 Informed consent 

An informed consent letter (Appendices J and K) was given to each participant in the 

diabetic group and the non-diabetic group before testing started. Participants were 

informed in the letter and verbally about which procedures will be performed and 

what to expect in detailed sections:  

(i) introduction and general orientation to the research study,  

(ii) Explanation of the purpose of the study,  

(iii) Explanation of the procedures and assessments included in the study,  

(iv) Explanation of the possible risks and benefits involved in the study,  

(v) Explanation of the rights of the participants,  

(vi) Assurance that the research study has received ethical approval from the 

Facultiesô research ethics committees,  

(vii) Contact information of the researcher,  

(viii) Clarification that there will be no compensation for participating in the study,  

(ix) Assurance that participants personal information and assessment results will be 

kept confidential, and  
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(x) Assurance that participation in the study was voluntary and that participants were 

free to withdraw from the study if they wanted to.  

Participants had to provide written consent to participate in the study before data 

collection commenced.   

 

2.3.3 Confidentiality  

Personal information and results were kept strictly confidential in the data collection, 

analysis and reporting process (Vanclay et al., 2013). An alpha numeric code (for 

example A1, B1) was allocated to each participant during data collection. The 

participantsô data were saved and reported using this code. 

 

2.3.4 Protection from harm 

The participants in this research study participated voluntarily. The participants were 

informed of tests to be performed and what was expected of them both verbally and 

in the informed consent letters (Appendices J and K). They knew that the study did 

not entail procedures that could potentially harm them. The participants performed 

physical activities for the fall risk tests (Appendices L,M,N). During the activities 

support was provided to prevent them from falling and appropriate rest time was 

given. The participants could withdraw from the study at any time. They were 

informed that data already collected would be excluded from the study and that their 

withdrawal would not affect their treatment at the Diabetic Clinic.   

 

2.3.5 Honesty 

Participants were given access to their own test results as well as to the results of 

the study. The participants were informed that the study will be submitted to a 

scientific journal for publication.  

 

2.3.6 Plagiarism  

The study complies with the University of Pretoria policy on plagiarism. A declaration 

of originality is included (page 2). 

 

2.3.7 Reliability and validity  

Reliability and validity were ensured by testing all participants in similar 

environments and conditions using the same calibrated equipment. All participants 
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were given the same instructions and the same assessments were performed on 

each participant. Furthermore test sequences for necessary assessments such as 

the video head impulse test (vHIT) were randomized to avoid participants pre-

empting the movements which can influence test results. To compensate for tester 

bias another professional person assisted in identifying and marking waveforms for 

assessments including cervical vestibular evoked myogenic potentials (cVEMPs) 

and ocular vestibular evoked myogenic potentials (oVEMPs).  

 

2.3.8 Referrals  

The participants did not benefit directly from the study, but the results did help to 

identify any possible auditory and/or vestibular problems. Participants with hearing 

thresholds of >15dBHL (Clark 1981) and any other auditory related symptoms were 

referred to an audiologist for further testing and treatment. Participants with any 

vestibular problems as shown by the presence of any vestibular related symptoms, 

abnormal cVEMP, oVEMP, vHIT test results and functional balance problems were 

also referred to an audiologist for further diagnostic testing and management. If any 

other ear-related diseases were identified such as occluding earwax and 

outer/middle ear pathologies, participants were referred to an Ear-Nose-Throat 

Specialist or general practitioner. If participants indicated feelings of anxiety and/or 

depression on the EQ-5D-5L Health Questionnaire (Appendix O) they were referred 

to a psychologist/psychiatrist. (Appendices P and Q).  

 

2.3.9 Data storage  

The data from this research study will be stored in digital and hard copy format for a 

period of 15 years at the Department of Speech-Language Pathology and Audiology, 

University of Pretoria. Stored data will be used for future research by other 

researchers (Appendix R) 

 

2.4 Participants 

2.4.1 Participant selection criteria   

A purposive sampling method was employed to recruit the participants with type 1 

DM. Participants were deliberately chosen to be included in the study due to their 

certain qualities (Etikan, Musa, & Alkassim, 2016). Participants in the diabetic and 
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the non-diabetic group had to meet certain criteria to be able to participate in the 

study.  

Table 1 summarizes the inclusion criteria for the type 1 diabetic group, table 2 for the 

non-diabetic group and table 3 the exclusion criteria for all participants.  

 

Table 1: Inclusion criteria for the diabetic group 

Inclusion criteria for the diabetic group 

Inclusion criteria Rationale  

Male and female participants between the ages of 18-59 In order for participants to provide legal consent they needed to be 
18 years or older (Strode, Slack, & Essack, 2010). The incidence 
of presbycusis increases for people older than 55 (Kovalova et al., 
2016). Acoustic VEMP responses are also affected by age. The 
VEMP response rates as well as inter-peak amplitudes decrease 
for people 60 years or older (Su, Huang, Young, & Cheng, 2004). 
Therefore only participants younger than 60 years old were 
included in the study. 

Participants who have used insulin within the first year after 
being diagnosed with DM 

Individuals with type 1 DM need to administer insulin daily in order 
to survive because of deficient insulin production by the pancreas, 
therefore they need to monitor their blood glucose level regularly 
(World Health Organization, 2017). If the patient was not yet  
diagnosed with a specific type of DM the above mentioned 
contributed to determining whether the patient has type 1 DM or 
type 2 DM.  

 

Table 2: Inclusion criteria for the non-diabetic group 

Inclusion criteria for the non-diabetic group 

Inclusion criteria Rationale  

Age and gender matched participants  Participants in the non-diabetic group were matched with the 
participants in the diabetic group according to age and gender. 
This ensured accurate comparison between healthy participants 
and those with DM. 

Healthy participants without DM Participants without a diagnosis of DM were included in the non-
diabetic group in order to study and compare the impact that DM 
has on individualsô auditory-vestibular functioning. Participants 
were required to undergo a finger prick test to determine their 
blood glucose levels. Participants with a result between 4-8mmol/L 
were included in the non-diabetic group (Abbott Diabetes Care, 
2018). 

 

Table 3: Exclusion criteria for the diabetic and non-diabetic group 

Exclusion criteria for the diabetic and non-diabetic group 

Exclusion criteria Rationale  

Participants with a history of noise exposure (occupational and 
recreational) 

Prolonged exposure to high levels of noise is associated with 
damage to the hair cells in the cochlea, causing permanent 
hearing loss (Sliwinska-Kowalska & Davis, 2012). Chronic noise 
exposure increases the risk of damage to the vestibular end-organ 
(Gabr & Emara, 2014).  

Participants with a history of ototoxic medication use (medicines 
to treat HIV, TB, cancer, heart disease etc.) 

Medications such as aminoglycosides and platinum compounds 
with known ototoxic side effects can cause permanent hearing loss 
and vestibular dysfunction (Purushothaman et al., 2018; Schellack 
& Naude, 2013).  

Participants with middle ear pathology Individuals with a conductive pathology were excluded from the 
study, as identified by:  
-type B and type C tympanogram results (Mohamed & Brookler, 
2007), 
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-the presence of an air-bone gap on the audiogram (Nickbakht & 
Borzoo, 2014). 
Middle ear pathology attenuates the stimulating sound and the AC 
VEMP are poorly elicited (Mahdi, Amali, Pourbakht, Yazdi, & 
Bassam, 2013).   

Participants who have severe symptomatic neuropathy Diabetic peripheral neuropathy and diabetic autonomic neuropathy 
are common types of diabetic neuropathy. Diabetic peripheral 
neuropathy, diabetic autonomic neuropathy and vestibular 
dysfunction are associated with foot ulcers, postural instability 
while walking, abnormal distribution of foot pressure and falls. 
These participants will also not be able to complete the risk of falls 
assessments due to their greater risk of falling (Kim et al., 2012).   

Participants with peripheral arterial obstructive disease in their 
legs 

According to Kim et al. (2012) participants with peripheral arterial 
obstructive disease should be excluded. The most common 
symptom of peripheral arterial obstructive disease is intermittent 
claudication, that is pain, cramping, or aching in the calves and 
thighs that appears when walking or exercising but is relieved by 
rest (American Diabetes Association , 2003). These participants 
will not be able to complete the risk of falls assessments of the 
current study.   

Participants with a history of chronic alcohol abuse Disorders influencing autonomic function such as participants with 
a history of chronic alcohol abuse should be excluded (Kim et al., 
2012). Alcohol abuse affects auditory thresholds, with some 
frequencies affected more than others (Upile et al., 2007). Not only 
does alcohol abuse affect hearing, it also interferes with vestibular 
function causing balance problems (Bellé, do Amaral Sartori, & 
Rossi, 2007).  

Participants with co-morbid diseases such as hypothyroidism 
(not on Eltroxin), liver cirrhosis, or chronic hepatitis 

An abnormal level of Thyroid hormones is related to labyrinth 
dysfunctions (Santos & Bittar, 2012). Hypothyroidism can cause 
elevated levels of lipids circulating in the blood. Studies have 
shown that the peripheral and central vestibular system can be 
affected by thyroid disorders (Santos & Bittar, 2012). According to 
Kim et al. (2012) participants with any diseases and disorders such 
as hypothyroidism, liver cirrhosis and chronic hepatitis that can 
possibly cause peripheral neuropathy and negatively affect 
autonomic function should be excluded from the study (Kim et al., 
2012).  

Participants who had a stroke or a traumatic brain injury (TBI) Participants with a TBI and those who had a stroke were excluded 
from the study. Studies indicate that post-traumatic dizziness or 
vertigo is a regular complaint following brain injuries. Vestibular 
testing of patients with head trauma indicate that it may damage 
the peripheral and central vestibular structures (Kolev & Sergeeva, 
2016). In another study, the incidence of vestibular dysfunction in 
participants with a TBI was 80%, of which specific vestibular 
pathology ranges between 30%-65% (Scherer & Schubert, 2009). 
Furthermore, many people experience problems with balance and 
gait activities after they had a stroke (Jonsdottir & Cattaneo, 2007). 

Participants who smoke According to Kumar, Gulati, Singhal, Hasan, & Khan. (2013) 
smoking is significantly associated with hearing loss. This may be 
due to the well-known vascular changes and the consequent 
cochlear hypoxia connected to smoking (Pouryaghoub, Mehrdad, 
& Mohammadi, 2007).  

Participants with a severe to profound hearing loss (hearing 
thresholds worse than 60dBHL) 

Severe to profound hearing loss potentially influences both cVEMP 
and oVEMP responses (Bansal, Sahni, & Sinha, 2013). Bansal et 
al., (2013) reported reduced inter-peak amplitudes in participants 
with severe to profound hearing loss. Therefore participants with 
hearing thresholds worse than 60dBHL at any frequency between 
250-8000Hz were excluded from the study.    
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2.4.2 Participant selection procedure  

Figure 1 illustrates the procedures followed to recruit and select participants in the 

diabetic and non-diabetic group.  

 

 

 

Figure 1: Participant selection procedure  

 

Diabetic group: once patients had been invited and informed about the study, and 

agreed to participate, written consent was provided. Participants were then asked to 

perform a finger prick test themselves in the assessment room to determine their 

blood glucose levels (participants used their own blood glucose monitoring system). 

Non-diabetic group: Once patients had been invited and informed about the study, 

and agreed to participate, written consent was provided. The participants also 

underwent a finger prick test to determine their blood glucose levels to ensure that it 

is within normal limits. The participants were asked to do a finger prick test 

themselves in the assessment room with the Contour Plus One blood glucose 

monitoring system. This system is a home-based kit used to screen and monitor 

blood glucose levels. Only participants with a blood glucose level between 4mmol/L 

Participants were provided with comprehensive information about the study 
and they had to sign an informed consent form 

Participants were approached to inform them of the study and the 
possibility of them participating

All participants underwent this test to determine the presence of peripheral 
neuropathy

All paricipants were asked to do the finger prick test themselves 
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and 8mmol/L were included in the study. This is the recommended range of the 

National Institute for Health and Clinical Excellence (NICE) and the International 

Diabetes Federation (Abbott Diabetes Care, 2018).   

 

Lastly the 8-point peripheral neuropathy test was conducted by the researcher for 

both the diabetic and non-diabetic group as part of the exclusion of participants with 

severe peripheral neuropathy. Once the volunteers met all the criteria (Tables 1, 2 

and 3), data collection proceeded (see Figure 2). 

 

2.5 Data Collection   

2.5.1 Data collection procedure 

After the participant had been identified as a suitable candidate for the study by the 

participant selection procedure as described in figure 1, data collection commenced. 

The participant underwent a single assessment lasting a minimum of two hours at 

the Diabetic Clinic of SBAH/Diabetes Centre of Mediclinic Heart Hospital/Diabetes 

Centre Hatfield/Dr Frans Erasmus Diabetic Clinic. Participants in the non-diabetic 

group were tested at the Department of Speech-Language Pathology and Audiology-

University of Pretoria.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 
 

Figure 2 illustrates the data collection procedures used for both the diabetic and non-

diabetic groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Data collection procedure 

 

2.5.2 Medical information and demographic data collected for participants 

Information was collected from the type 1 DM patientsô hospital file (Appendix S). For 

the non-diabetic group an informal interview using the data capture sheet was 

conducted (Appendix T). The following information was collected for both groups 

during data collection:  

Age (in years with the last birthday taken into account) 

Gender 

Collected data from patients' 
hospital file

Collected data from age and 
gender matched participants - by 

interview

Vestibular Evoked Myogenic 
Potentials

Video Head Impulse Test

EQ-5D-3L Health Questionnaire

Dynamic Gait Index
The Berg Balance 

Scale
The timed ''Up and 

Go'' Test

Pure tone audiometry Acoustic Immittance 
Measurements

Otoscopy
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Height  

Weight  

BMI (BMI will be classified as underweight (BMI < 18.50 kgm), normal weight (18.50 

kgm), overweight (25kgm < BMI < 30.0 kgm) and obese (BMI > 30.0 kgm)) 

 

Additional information collected during data collection for the participants with type 1 

DM: 

Tests for blood glucose, GHbA1c and Lipid profile (total cholesterol, LDL and HDL) 

Thyroid function tests (T4 and TSH) 

Results of micro-vascular complications:  

-Retinopathy (examination of the eyes)  

-Nephropathy (kidney function: s-creatinine and s-urea) 

-Peripheral neuropathy (examination of the feet) 

Any evidence of:  

-Angina 

-Ischemic heart disease 

-Stroke 

 

2.5.3 Health Related Quality of Life questionnaire (EQ-5D-5L) 

In order to obtain a simple descriptive profile as well as a single index value for the 

participantsô health status they were asked to complete the EQ-5D-5L questionnaire. 

The EQ-5D-5L is a standardized HRQoL questionnaire that was designed by the 

EuroQol Group (1987) in 2005. The questionnaire is used to measure participantôs 

perception of their health status and comprises 5 dimensions: (1) mobility, (2) self-

care, (3) usual activities, (4) pain/discomfort and (5) anxiety/depression together with 

five levels of severity: level 1 indicating no problem, level 2 indicating slight 

problems, level 3 indicating moderate problems, level 4 indicating severe problems 

and level 5 indicating extreme problems (Herdman et al., 2011). The participant had 

to choose the level of severity at each dimension that applies to them and tick the 

box next to it. This decision results in a 1-digit number expressing the level selected 

for that dimension. The participants then had to use the EQ Visual Analogue Scale 

(VAS) to rate their health and plot it on the vertical, visual analogue scale where 100 

is considered the óôbest imaginable health stateôô and 0 is considered the óôworst 

imaginable health stateôô. 
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2.5.4 Otologic and audiological assessments  

Otoscopy was performed with a WelchAllyn Pocket Otoscope, to ensure that the 

participants have a healthy external ear canal and tympanic membrane. Participantsô 

middle ear functioning was measured by performing tympanometry. A GSI Tympstar, 

Grason-Stadler. Eden Prairie, MN, USA machine with a diagnostic Y-226Hz probe 

tone was used. Jerger (1970) tympanometry norms were followed: middle ear 

pressure (-100 to +50daPa), ear canal volume (0.8 to 2.0ml) and static compliance 

(0.3 to 1.8ml). Screening acoustic reflexes were also measured at 500, 1000, 2000 

and 4000Hz. Reflexes were regarded as present and normal if elicited at 70-

90dBSPL (Ünsal et al., 2016). Participants with any external ear and/or middle ear 

pathologies were excluded from the study.  

 

Automated diagnostic AC pure tone audiometry was performed to determine the 

presence, type and degree of hearing loss. A portable computer operated 

audiometer - KUDUwave Type 2 Clinical Audiometer (IEC 60645-1/2) manufactured 

by eMOYOdotNET, Johannesburg, South Africa was used (Swanepoel, Matthysen, 

Eikelboom, Clark, & Iii, 2015). The KUDUwave was connected to and operated with 

a notebook computer (Acer Aspire E1-532, running Microsoft Windows 8). The 

KUDUwave was transported to the different clinics. Insert earphones (ER3A-Insert 

earphones, Etymotic Research, Elk Grove Village, IL, USA) were used as 

transducers covered by circumaural earcups (Swanepoel et al., 2015). Participants 

responded by pressing a button that was connected via a USB cable to the 

KUDUwave device to allow recording of responses. The KUDUwave also monitored 

the ambient noise levels during testing by means of a microphone located on the 

circumaural earcups. Air conduction (AC) was conducted at 250Hz-8000Hz. If the 

AC threshold was >20dBHL bone conduction was tested through the bone oscillator 

attached to the circumaural headband. Masking was automatically applied where 

necessary.  

 

The degree of hearing loss was determined by the participantôs 4-tone pure tone 

average (500Hz, 1000Hz, 2000Hz and 4000Hz). Clarksô (1981) classification of 

degree of hearing loss were used: normal <15dBHL, slight hearing loss 16dBHL to 

25dBHL, mild hearing loss 26dBHL to 40dBHL, moderate hearing loss 41dBHL to 

55dBHL, moderately severe 56dBHL to 70dBHL, severe 71dBHL to 90dBHL and 
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profound >91dBHL. Participants with an AC threshold worse than 60dBHL at any 

frequency between 250Hz-8000Hz were excluded from the study as severe to 

profound hearing loss negatively influences both cVEMP and oVEMP responses 

(Bansal et al., 2013) 

 

2.5.5 Vestibular evoked myogenic potentials (VEMPs) 

Vestibular evoked myogenic potentials are clinically used to assess the functioning 

of the otolith organs and the vestibular nerve. Two different types of VEMPs can be 

distinguished: cVEMPs and oVEMPs. 

 

Air conduction cVEMPs specifically assess the functioning of the saccule and the 

inferior vestibular nerve, whereas AC oVEMPs assess the functioning of the utricle 

and the superior vestibular nerve (Bansal et al., 2013). Both the cVEMP and oVEMP 

are evoked by acoustic stimulation and a response is measured in the presence of a 

myogenic response (Felipe & Kingma, 2013).  

 

Both cVEMPs and oVEMPs were performed on all participants. They were seated on 

a standard upright chair for the duration of the procedure (Kim et al., 2014). The 

VEMPs were carried out using the Biologic Navigator Pro auditory evoked response 

system version 7.2.1 connected to an Acer laptop. The Biologic Navigator Pro was 

manufactured by Natus Medical, USA. Insert earphones were used as transducers 

(ER3A-Insert earphone, Etymotic Research, Elk Grove Village, IL, USA). A 500Hz 

AC toneburst stimulus was presented at 95dBnHL with alternating polarity. 

 

Participantsô skin was cleaned with Nuprep scrub and reusable gold cup electrodes 

with Ten20 conductive paste were positioned and kept in place with micropore tape. 

Impedances were ideally kept under 5k .  
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For the cVEMPs: the active electrode was placed on the mid-portion of the 

sternocleidomastoid muscle (SCM) on the side of the test ear. The ground electrode 

was placed on the high forehead and the reference electrode was placed on the 

upper sternum. Participants were asked to turn and lower their head toward the 

opposite side of the test ear, which is considered the best VEMP test position due to 

the consistent level of SCM muscle tension (Kim et al., 2014). The first positive peak 

was marked as P1 and the negative peak as N1. Normal latencies for P1 were 

considered as < 19msec and for N1 < 28msec (Isaradisaikul, Navacharoen, 

Hanprasertpong, & Kangsanarak, 2012). The inter-peak amplitude was the sum of 

the amplitudes of these repeated responses.  

 

For the oVEMPs: the active electrode was placed under the eye on the inferior 

oblique muscle of the eye contralateral to the test ear. The ground electrode was 

placed on the high forehead and the reference electrode was placed on the side of 

the nose bridge. This nose referenced electrode placement results in increased 

reliability and a large amplitude (Leyssens et al., 2017). Participants were asked to 

look upward as far as they could without moving their head. The first negative trough 

was marked as N1 and the positive peak as P1. Normal latencies for N1 were 

considered as < 11.1msec and for P1 < 17.6msec (Leyssens et al., 2017). The inter-

peak amplitude was the sum of the amplitudes of these repeated responses.  

 

Figure 3 illustrates the electrode montages used for cVEMP and oVEMP testing. 

Figure 3: Electrode montages 

Key: (A) cVEMP electrode montage, (B) oVEMP electrode montage; permission was 

obtained from this participant to use images of her in this research study.  

(A) (B) 
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Waveforms were repeated to test for wave reproducibility and to reduce artefacts. 

The cVEMPs and oVEMPs were classified as normal when: (i) there were 

identifiable P1 and N1 waveforms; (ii) latencies fell within the normal limits.  

 

The cVEMPs and oVEMPs were considered as abnormal when: (i) there were no 

identifiable P1 and N1 waveforms; (ii) latencies fell above the upper limits of the 

waveform latencies.  

 

2.5.6 Video head impulse test (vHIT) 

The vHIT has become the gold standard for vestibular testing in the high frequency 

region (Guinand et al., 2017). The vHIT makes it possible to synchronously record 

and objectively assess head and eye movements (Guinand et al., 2017). The vHIT is 

used to identify overt and covert saccades and to examine the gain of the vestibulo-

ocular reflex (VOR) for all six semicircular canals (Salman & Issam, 2017). For this 

study the vHIT was carried out with the Otometrics ICS Impulse system version 4.10 

with video frenzel goggles manufactured by Natus Medical, Denmark. Participants 

were tested in a well-lit room, seated in a standard upright chair, with an eye level 

target 1 meter in front of them. The goggles were tightened to prevent any artefacts 

caused by slippage (Suh et al., 2017).  

Before testing proceeded the vHIT system was calibrated. Participants were asked 

to follow the red laser projected on the wall in front of them. Calibration values 

represent the difference between the focus of the left and right eye on the red laser. 

Values >27 Delta were re-calibrated as suggested by the manufacturing company 

Otometrics. For the lateral vHIT, participants were instructed to keep their head 

facing straight forward and look at the target on the wall. Both the researchersô 

hands were placed at the base of the participants head ensuring no contact was 

made with the cheeks and the goggle strap to prevent slippage. The researcher then 

performed quick but small horizontal head impulses in a unexpected manner 

(Guinand et al., 2017; Halmagyi et al., 2017). Results were considered normal if: the 

VOR gain value was >0.8 with no present covert and overt catch-up saccades 

(McGarvie et al., 2015).  
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For the vertical vHIT participants were instructed to turn their head 45 degrees to the 

right or left. The researcher placed one hand on top of the participants head and the 

other hand under the chin. The researcher then performed quick but small head 

impulses in the direction of the left anterior and right posterior (LARP) plane as well 

as the right anterior and left posterior (RALP) plane (Halmagyi et al., 2017). For 

healthy participants it was evident that after approximately 10 seconds there was a 

smooth compensatory eye movement with equal velocity to that of the head velocity 

but in the opposite direction (Halmagyi et al., 1990). Results were considered 

abnormal if: (i) the VOR gain value was <0.8 for the lateral canals and <0.7 for the 

vertical canals, and/or (ii) covert or overt catch-up saccades were present (McGarvie 

et al., 2015).   

 

Figure 4 illustrates the head movement procedure for the lateral vHIT test and the 

vertical vHIT tests (RALP and LARP). 

Figure 4: Head movements for the lateral and vertical vHIT tests (image from 

MacDougall, McGarvie, Halmagyi, Curthoys, & Weber, 2013).  

 

2.5.7 Dynamic Gait Index (DGI) 

The DGI was developed by Shunway-Cook and Woollacott, to evaluate functional 

stability in older people and to assess their risk of falling while performing several 

gait activities (Jonsdottir & Cattaneo, 2007). As the DGI measures gait instability it is 

considered as a good indicator for fall risks in people with vestibular disorders 

(Herman, Inbar-borovsky, Brozgol, Giladi, & Jeffrey, 2009).  

 

The DGI consists of eight different activities that vary in complexity. Participants 

were asked to complete the following tasks: (i) gait on a level surface, (ii) change in 

gait speed, (iii) gait with horizontal head turns, (iv) gait with vertical head turns, (v) 
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gait and pivot turn, (vi) step over obstacle, (vii) step around obstacles, and (viii) going 

up stairs. Participants were given a score of 0 to 3, where 0 equals severe 

impairment and 3 equals normal performance. A total score out of 24 was then 

calculated, scores <19 have been associated with a higher risk of falls (Herman et 

al., 2009).   

 

2.5.8 Berg Balance Scale (BBS) 

The BBS was created to assess patientsô static and dynamic balance by observing 

them while sitting, standing and changing posture. Therefore the BBS is often used 

to evaluate risk of falls based on the assessment of a patientôs balance.  Multiple 

studies have indicated that the BBS has a high validity and reliability on diverse 

target populations. It is often used for the assessment of balance in patients with 

chronic diseases (Park & Lee, 2017).  

Participants were asked to complete 14 different functional activities: (i) sitting to 

standing, (ii) standing unsupported for 2min, (iii) sitting with back unsupported, (iv) 

standing to sitting, (v) transfer from one chair to another, (vi) standing with eyes 

closed, (vii) standing with feet together, (viii) reaching forward with an outstretched 

arm, (ix) retrieving an object form the floor, (x) turning to look behind each shoulder, 

(xi) turning 360 degrees, (xii) placing alternate feet on a step, (xiii) standing with one 

foot in front of the other, and (xiv) standing on one leg. These activities took 15 to 20 

minutes to complete (Park & Lee, 2017).  

 

Each participant was given a score of 0 to 4 for each activity, where 0 was equal to 

an inability to perform the task and 4 was equal to an ability to complete the task 

independently. Thereafter a total score out of 56 was calculated. A score of 41 to 56 

indicated a low risk of falls, 21 to 40 indicated a medium risk of falls and less than 20 

indicated a high risk of falls (Berg, Wood-Dauphine, & Gayton, 1989).  

 

2.5.9 The Timed Up and Go Test (TUG) 

The TUG test is a reliable tool used to assess a participantôs functional mobility. The 

test was developed in 1991 as a modified version of the Get up and Go test. With the 

modified version the participant is timed while performing the task. It has been 

proved that the time score is reliable and that it can assess a participantsô ability to 

safely go about their daily living (Podsiadlo & Richardson, 1991). The TUG test is 
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recommended as a screening for falls risk by the American Geriatric Society, the 

British Geriatric Society and the Society of Nordic Geriatricians (Barry, Galvin, 

Keogh, Horgan, & Fahey, 2014). 

 

The test procedure is quite simple and quick to administer. Participants were seated 

on a standard length chair, with their backs against the chair. They were instructed to 

stand up, walk at a comfortable pace to the cone placed 3m from the chair, turn 

around, walk back to the chair and sit down again. If participants use a walking aid 

they were requested to also use it during the procedure. The researcher also 

observed whether participants were unstable while turning around to walk back to 

the chair. Participants were timed during the task and the time was documented in 

seconds. The stopwatch was started on the command go and stopped when the 

participant was seated on the chair.  A time of 10 seconds or less was classified as 

normal and a time of more than 10 seconds was classified as abnormal with a high 

risk of falls (Herman, Giladi, & Hausdorff, 2011; Podsiadlo & Richardson, 1991).  

 

2.6 Data analysis 

The data were analysed with the statistical software Stata version 14 (StataCorp. 

2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP) and 

Rstudio version 3.5.1 (R Core Team (2018). R: A language and environment for 

statistical computing. R: Foundation for Statistical Computing, Vienna, Austria. 

URL https://www.R-project.org/). The samples were described as means and 

standard deviations with medians and interquartile ranges as well as numbers and 

percentages. A p value of <0.05 was regarded as statistically significant. 

Descriptive statistics were provided based on the distribution of the data. Most data 

were regarded as non-parametric except age and vHIT gains. As the data were 

paired, paired t-tests were used for age and vHIT gains and Wilcoxon exact tests for 

the non-parametric comparisons (exact as there were ties present). To compare 

paired proportions exact symmetry tests (exact because of the small numbers) were 

used. Due to the relatively small numbers in the study the comparison of proportions 

should be regarded as exploratory. As there was no single specific hypothesis being 

tested, 30 participants per group were used to provide sufficient power (80%) to 

detect a difference between 0.5 and 1 standard deviation between groups. Odds 

https://www.r-project.org/
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ratios (OR) were calculated where needed, (Affected diabetics/Unaffected diabetics) 

/ (Affected non-diabetics/Unaffected non-diabetics).     
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Chapter 3: Results 

 
The results of the audio-vestibular tests, fall risk assessments and the health related 

quality of life questionnaire obtained from 30 type 1 diabetic participants were 

compared with 30 age and gender matched non-diabetic participants without a 

history of inner ear disease. (Eight participantôs data in the non-diabetic group were 

used more than once, as their age and gender matched with several diabetic 

participants).   

 

3.1 Study participants 

Table 4 summarizes the demographic features of the study participants. 

Table 4: Demographic features of the study participants  

Characteristic  
Diabetic group 

(n=30) 
Non-diabetic group 

(n=30) 
N p value  

Age (Years) 35.4 (±12.4) 35.2 (±12.4) 60 0.93  

Gender:   60 1.00  

  Female 20 (67%) 20 (67%) - - 

  Male 10 (33%) 10 (33%) - - 

BMI 24.8 (±3.7) 27.2 (±5.9) 59 0.04*  

  SBP 132.3 (±19.5) 123.3 (±12.3) 58 0.043*  

  DBP 80.5 (±12.5) 82.5 (±9.6) 58 0.49  

Monofilament test:   60 0.39 

  3/8 1 (3%) 0 (0%) - - 

  6/8 0 (0%) 1 (3%) - - 

  7/8 0 (0%) 1 (3%) - - 

  8/8 29 (97%) 28 (93%) - - 

Disease duration (Years) 16.2 (±12.8) - 30 - 

Current blood glucose (mmol/L) 8.1 [5.8;10.7] 5.2 [5.0;6.0] 60 <0.001*** 

Retinopathy 9 (30%) - - - 

Kidney failure 2 (7%) - - - 

Peripheral neuropathy 3 (10%) - - - 

GHbA1c 14.0 (±17.4) - 12 - 

Blood glucose (mmol/L) 10.9 (±3.7) - 12 - 

Total cholesterol (mmol/L) 5.0 (±1.5) - 12 - 

LDL (mmol/L) 2.9 (±1.1) - 12 - 

HDL (mmol/L) 1.5 (±0.5) - 12 - 

Urea (mmol/L) 5.3 (±1.6) - 9 - 

Creatinine (mmol/L) 74.0 [61.2;78.8] - 12 - 

Statistical test used for age, gender, BMI, SBP, DBP and monofilament test: paired t-test. Statistical test used for 

current blood glucose: Wilcoxon paired exact test. Gender: Chi Square test. BMI (body mass index), DBP 

(diastolic blood pressure), GHbA1c (glycated hemoglobin), HDL (high density lipoprotein), LDL (low density 

lipoprotein), mmol/L (millimole per litre), SBP (systolic blood pressure). ***Very significant, *Significant.  
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For both the diabetic and non-diabetic group some data could not be obtained or 

were not available, as indicated by the N values in the above table. The mean age 

for both the diabetic and non-diabetic group were very similar, 35.4 (±12.4) years for 

the diabetic group and 35.2 (±12.4) years for the non-diabetic group. Both groups 

consisted of 67% females and 33% males. If available, participantsô weight and 

height were collected in order to calculate BMI. For the diabetic group the mean BMI 

was 24.8 kg/ά  (±3.7) and for the non-diabetic group a higher mean BMI of 27.2 

kg/ά  (±5.9) was obtained. The p value of 0.04; paired t-test indicates a significant 

difference in BMI between the two groups. A significant difference in systolic blood 

pressure between the two groups was also present as indicated by the p value of 

0.043; paired t-test with a mean systolic blood pressure of 132.3 (±19.5) for the 

diabetic group and 123.3 (±12.3) for the non-diabetic group. However for the 

diastolic blood pressure no significant difference was present between the two 

groups. The mean disease duration of type 1 DM was 16.2 (±12.8) years with a 

median blood glucose level of 8.1 mmol/L compared to 5.2 mmol/L for the non-

diabetic group. 

 

3.2 Otologic and audiological assessment results 

Table 5 shows the AC pure tone audiometry results for test frequencies ranging from 

250 to 8000Hz for each ear separately. A 4-tone PTA at 500, 1000, 2000 and 

4000Hz was calculated for each ear. Furthermore the participantsô hearing was 

classified according to the degree of hearing loss using Clarksôs classification system 

as: normal <15dBHL, slight hearing loss 16dBHL to 25dBHL, mild hearing loss 

26dBHL to 40dBHL or moderate hearing loss 41dBHL to 55dBHL (Clark, 1981). 

Middle ear data collected (tympanometry and reflex measurements) were only 

collected to identify participants to be excluded from the study and therefore it was 

not included in the analysis of the audiometric data.   
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Table 5: Audiological assessment results of the study participants (Median and  

               .25; .75)  

Left ear 

 
Diabetic group 

(n=30) 
Non-diabetic group 

(n=30) 
p value  

250Hz 20.0 [15.0;28.8] 12.5 [5.0;20.0] <0.001*** 

500Hz 20.0 [15.0;28.8] 15.0 [10.0;20.0] <0.001*** 

1000Hz 15.0 [10.0;20.0] 10.0 [5.0;18.8] 0.002** 

2000Hz 15.0 [10.0;23.8] 12.5 [5.0;15.0] 0.029* 

4000Hz 10.0 [0.0;23.8] 5.0 [0.0;10.0] 0.005** 

8000Hz 12.5 [5.0;25.0] 10.0 [0.0;22.5] 0.194 

4-tone PTA 14  [10; 22] 10 [5;16] 0.005** 

Right ear 

 
Diabetic group 

(n=30) 
Non-diabetic group 

(n=30) 
p value  

250Hz 20.0 [11.2;25.0] 10.0 [5.0;10.0] <0.001*** 

500Hz 20.0 [11.2;25.0] 10.0 [5.0;20.0] 0.001** 

1000Hz 15.0 [10.0;20.0] 10.0 [5.0;15.0] 0.014* 

2000Hz 15.0 [10.0;20.0] 10.0 [5.0;15.0] <0.001*** 

4000Hz 10.0 [0.0;20.0] 0.0 [0.0;5.0] 0.004** 

8000Hz 10.0 [5.0;28.8] 0.0 [0.0;10.0] 0.001** 

4-tone PTA 15.0 [8.5;22.0] 7.5 [3.0;12.0] <0.001*** 

Statistical test used for the thresholds at frequencies 250Hz-8000Hz and the 4-tone PTA: Wilcoxon paired exact 

test. The statistical test used for the degree of hearing loss: exact symmetry test. Hz (Hertz: frequency), HL 

(hearing loss), 4-tone PTA (4 pure tone average). ***Very significant, **Very significant, *Significant. 

 

Left ear: A statistically significant difference was observed between the diabetic and 

non-diabetic groupsô median AC thresholds for frequencies 250Hz-4000Hz as well 

as the 4-tone PTA of the left ear. Although the average 4-tone PTA for both groups 

still indicates normal hearing, poorer thresholds were obtained for the diabetic group 

at all the frequencies. Diabetic participants were more likely to have hearing loss at 

the lower frequencies (250Hz-500Hz). The only frequency with no statistical 

difference in the left ear was 8000Hz as indicated by a p value of 0.194; Wilcoxon 

paired exact test. With concern to the degree of hearing loss only 18/30 (60%) 

diabetic participants had normal hearing compared to 20/30 (67%) non-diabetic 

participants (p <0.0001; exact symmetry test).  

Right ear: There was a statistically significant difference observed between the 

diabetic and non-diabetic groupsô median AC thresholds at all the frequencies 

(250Hz-8000Hz) as well as the 4-tone PTA of the right ear. The average 4-tone PTA 
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for both groups still indicates normal hearing, however poorer thresholds were 

obtained for the diabetic group at all the frequencies. Similarly to the left ear, diabetic 

participants were more likely to have hearing loss at the lower frequencies (250Hz-

500Hz). With concern to the degree of hearing loss only 15/30 (50%) diabetic 

participants had normal hearing compared to 19/30 (63%) non-diabetic participants 

(p=0.008; exact symmetry test).  

 

Figure 5 illustrates the degree of hearing loss in the right- and left ear of the 

participants in both groups.  

 

Figure 5: Degree of hearing loss in the right and left ears for the diabetic and non-

diabetic group.    

 

3.3 Vestibular evoked myogenic potentials (VEMPs) results  

Table 6 describes the results obtained from the cVEMP and oVEMP assessment for 

the participants who had present responses (n=ears with present responses). The 

P1 and N1 latencies, inter-peak amplitudes and ARs for each ear are described.  
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Table 6: cVEMP and oVEMP latencies and inter-peak amplitudes                                             

(Median and .25; .75)  
Left Right 

 
Diabetic 
group 

Non-diabetic 
group 

p 
value 

 
Diabetic group 

Non-diabetic 
group 

p 
value 

cVEMP (n=60)     cVEMP (n=60)    

  P1 (ms) 15.6 [14.6;17.0] 16.3 [14.8;17.9] 0.51   P1 (ms) 16.6 [14.7;17.8] 15.8 [14.8;17.2] 0.24 

  N1 (ms) 24.6 [23.4;26.5] 23.8 [22.8;24.9] 0.108   N1 (ms) 25.2 [23.5;27.2] 23.8 [22.8;25.4] 0.051 

  IP amplitude  (ɛV) 17.8 [9.98;35.6] 20.9 [13.4;33.6] 1.00 
  IP amplitude 
(ɛV) 

15.5 [7.65;34.4] 23.1 [14.0;40.2] 0.119 

oVEMP (n=54)   0.22 oVEMP (n=54)   0.031* 

  N1 (ms) 10.0 [9.40;10.4] 9.61 [9.61;10.0] 0.20   N1 (ms) 10.0 [9.82;10.9] 9.61 [9.19;10.2] 0.036* 

  P1 (ms) 15.0 [14.4;15.4] 14.8 [13.8;15.2] 0.173   P1 (ms) 14.8 [14.2;15.7] 14.6 [14.2;15.0] 0.165 

  IP amplitude (ɛV) 6.08 [3.70;14.2] 11.6 [6.73;22.4] 0.046* 
  IP amplitude 
(ɛV) 

7.98 [3.15;14.1] 16.0 [5.99;25.4] 0.005** 

Statistical test used for cVEMP P1, cVEMP N1, cVEMP amplitude, oVEMP N1, oVEMP P1 and oVEMP 

amplitude: Wilcoxon paired exact test. The statistical test used for oVEMP present: exact symmetry test. IP 

(interpeak), ɛV (microvolt), ms (milliseconds). **Very significant, *Significant.  

 

Left: The cVEMPs were bilaterally present in both groups. The median P1 and N1 

latencies were within clinical norms. There were no significant differences in these 

latencies between groups. Despite no significant differences, 4/30 (13%) diabetic 

participants had delayed cVEMP P1 latencies and 6/30 (20%) had delayed cVEMP 

N1 latencies on the left. All of the non-diabetic participants had normal cVEMP P1 

and N1 latencies on both sides. The median interpeak amplitudes did not show 

significant differences between the two groups.  

 

Figure 6 illustrates the left oVEMP amplitude results for the diabetic and non-diabetic 

participants.   

Figure 6: Boxplot of the left ears oVEMP amplitude for the diabetic and non-diabetic 

group.    
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The oVEMPs were absent in 5/30 (17%) diabetic participants on the left side 

compared to 1/30 (3%) non-diabetic participants. No significant differences were 

present in the left oVEMP P1 and N1 latency. Despite no significant differences, 4/30 

(13%) diabetic participants had a delayed oVEMP N1 latency compared to only 1/30 

(3%) non-diabetic participants. None of the participants had delayed oVEMP P1 

latencies. The median interpeak amplitudes showed significant differences between 

the two groups. A median oVEMP amplitude for the diabetic group of 6.08 and 11.6 

for the non-diabetic group were obtained. Overall the oVEMP amplitude for the 

diabetic participants were smaller than the amplitude for the non-diabetic 

participants.    

 

Right: The cVEMPs were bilaterally present in both groups. The median P1 and N1 

latencies were within clinical norms. There were no significant differences in these 

latencies between groups. Despite no significant differences, 4/30 (13%) diabetic 

participants had delayed cVEMP P1 latencies and 7/30 (23%) had delayed cVEMP 

N1 latencies. All of the non-diabetic participants had normal cVEMP P1 and N1 

latencies on both sides. The median interpeak amplitudes did not show significant 

differences between the two groups.  

 

Figure 7 illustrates the right oVEMP amplitude results for the diabetic and non-

diabetic participants.   

Figure 7: Boxplot of the right ears oVEMP amplitude for the diabetic and non-

diabetic group.   
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The oVEMPs were absent in 6/30 (20%) diabetic participants on the right side 

compared to none in the non-diabetic group. A significant difference was present in 

the right oVEMP N1 latency, however the N1 median latency were still within clinical 

norms. For the right N1 latencies, 5/30 (17%) diabetic participants had a delayed 

latency compared to only 1/30(3%) non-diabetic participants. None of the 

participants had delayed oVEMP P1 lantencies. The median interpeak amplitudes 

showed significant differences between the two groups. Overall the oVEMP 

amplitude for the diabetic participants was smaller than the amplitude for the non-

diabetic participants.     

 

3.4 Video head impulse test (vHIT) results  

Table 7 describes the lateral, RALP and LARP vHIT results for the diabetic and non-

diabetic group in terms of gain and the presence/absence of overt and covert 

saccades.  

 

Table 7: Video head impulse test results, gain and saccades  

vHIT gain: left ear (n=30) vHIT saccades: left ear (n=30) 

Canal 
Diabetic group 

Mean (STD) 
Non-diabetic group 

Mean (STD) 
p value Canal 

Diabetic group 
n(%) 

Non-diabetic 
group n(%) 

p 
value 

Lateral 0.9 (±0.1) 0.9 (±0.1) 0.168 Lateral 1 (3%) 0 (0%) 1.00 

Anterior 0.8 (±0.2) 0.9 (±0.1) <0.001*** Anterior 2 (7%) 0 (0%) 0.50 

Posterior 0.9 (±0.2) 0.9 (±0.1) 0.56 Posterior 4 (13%) 2 (7%) 0.69 

vHIT gain: right ear (n=30) vHIT saccades: right ear (n=30) 

Lateral  1.0 (±0.1) 1.0 (±0.1) 0.62 Lateral  2 (7%) 0 (0%) 0.50 

Anterior 0.8 (±0.2) 0.8 (±0.2) 0.33 Anterior 3 (10%) 0 (0%) 0.25 

Posterior 0.9 (±0.2) 0.9 (±0.1) 0.026* Posterior 5 (17%) 1 (3%) 0.22 

Statistical test used for lateral gain, anterior gain and posterior gain: Wilcoxon paired exact test. Statistical test 

used for lateral saccades, anterior saccades and posterior saccades: exact symmetry test. ***Very Significant, 

*Significant.  

Left: There was a significant difference between the diabetic and non-diabetic 

groupsô anterior gain as indicated by the p value 0.0009; Wilcoxon paired exact test. 

A mean gain of 0.8 (±0.2) for the diabetic group was obtained and a mean gain of 

0.9 (±0.1) for the non-diabetic group. A total of 7/30 (23%) diabetic participants had 

an abnormal low gain compared to none of the non-diabetic participants. However 

no significant differences were present for lateral gain, lateral saccades, anterior 

saccades, posterior gain and posterior saccades. As indicated by the p values: 
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0.168, 1.00, 0.50, 0.56 and 0.69. Despite no significant differences 4/30 (13%) 

diabetic participants had abnormal low gains for the lateral canal and the posterior 

canal compared to none of the non-diabetic participants. With regard to the presence 

of overt and covert saccades, 1/30 (3%) of diabetic participants had present lateral 

saccades compared to none of the non-diabetic participants. As for anterior 

saccades 2/30 (7%) of the diabetic group had present saccades, and none in the 

non-diabetic group. Furthermore posterior saccades were present in 4/30 (13%) of 

the diabetic participants and only 2/30 (7%) of the non-diabetic participants.  

Right: There was a significant difference between the diabetic and non-diabetic 

groups posterior gain as indicated by the p value 0.02; Wilcoxon paired exact test. 

With a mean gain of 0.9 (±0.2) for the diabetic group and a mean gain of 0.9 (±0.1) 

for the non-diabetic group. A total of 4/30 (13%) diabetic participants had an 

abnormal low gain compared to none of the non-diabetic participants. No significant 

differences were present for any other vHIT parameters on the right as indicated by 

the p values in the above table. Despite no significant differences present, 1/30 (3%) 

diabetic participants had an abnormal low gain in the lateral canal compared to none 

of the non-diabetic participants. Furthermore, a total of 7/30 (23%) diabetic 

participants had an abnormal gain in the anterior canal compared to only 3/30 (10%) 

non-diabetic participants. With regards to the presence of overt and covert saccades, 

2/30 (7%) diabetic participants had present lateral saccades compared to none of 

the non-diabetic participants. As for anterior saccades 3/30 (10%) of the diabetic 

group had present saccades, and none in the non-diabetic group. Furthermore 

posterior saccades were present in 5/30 (17%) of the diabetic participants and only 

1/30 (3%) of the non-diabetic participants.  

 

3.5 Fall risk assessment results  

Table 8 summarizes the risk of falling for the diabetic and non-diabetic participants. 

The DGI, BBS and TUG were administered. 
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Table 8: Fall risk assessment results (Median and .25; .75) 
 Diabetic group (n=30) Non-diabetic group (n=30) p value  

DGI (/24) 24.0 [23.0;24.0] 24.0 [24.0;24.0] 0.035* 

BBS (/56) 56.0 [55.0;56.0] 56.0 [55.0;56.0] 0.27 

TUG (sec) 7.35 [6.64;8.05] 7.41 [6.94;7.86] 1.00 

  Unstable: n(%) 1 (3%) 0 (0%) 1.00 

  Walking aid: n(%) 0 (0%) 0 (0%) - 

Statistical test used for DGI, BBS, TUG: Wilcoxon paired exact test. Statistical test used for unstable: exact 

symmetry test. BBS (berg balance scale), DGI (dynamic gait index), and TUG (timed up and go). *Significant. 

 

A significant difference in the DGI score was found between the diabetic and non-

diabetic group as indicated by the p value 0.035; Wilcoxon paired exact test. Diabetic 

participants were more likely to obtain a lower score for the DGI than non-diabetic 

participants (OR: 3.9). Despite the significant difference only 1/30 (3%) diabetic 

participants obtained an abnormal score (<19). No significant differences were 

present for the other two fall risk assessments: the BBS and TUG. None of the 

participants had an abnormal score for the BBS. Furthermore, only one participant in 

each group obtained an abnormal score for the TUG (>10s).  

 

3.6 Health Related Quality of Life Questionnaire (EQ-5D-5L) results  

Table 9 summarizes the results of the HRQoL for all the participants obtained from 

the EQ-5D-5L health questionnaire. Each of the five dimensions in the questionnaire 

mobility, selfcare, usual activities, pain and discomfort as well as anxiety and 

depression, were scored using five levels of severity.  
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Table 9: EQ-5D-5L Health Questionnaire results (n and %)  

Health dimension 
Diabetic group 

(n=30) 
Non-diabetic group 

(n=30) 
p value 

Mobility:   0.50 
  1 29 (97%) 28 (93%) - 
  2 1 (3%) 0 (0%) - 
  3 0 (0%) 2 (7%) - 
  4 0 (0%) 0 (0%) - 
  5 0 (0%) 0 (0%)  
Selfcare:   0.50 
  1 30 (100%) 28 (93%) - 
  2 0 (0%) 0 (0%)  
  3 0 (0%) 2 (7%) - 
  4 0 (0%) 0 (0%) - 
  5 0 (0%) 0 (0%) - 
Usual activities:   0.070 
  1 22 (73%) 29 (97%) - 
  2 7 (23%) 1 (3%) - 
  3 0 (0%) 0 (0%) - 
  4 0 (0%) 0 (0%) - 
  5 1 (3%) 0 (0%) - 
Pain and discomfort:   0.074 
  1 19 (63%) 24 (80%) - 
  2 8 (27%) 3 (10%) - 
  3 2 (7%) 3 (10%) - 
  4 1 (3%) 0 (0%) - 
  5  0 (0%) 0 (0%) - 
Anxiety and depression:   0.27 
  1 19 (63%) 24 (80%) - 
  2 6 (20%) 6 (20%) - 
  3 4 (13%) 0 (0%) - 
  4 1 (3%) 0 (0%) - 
  5 0 (0%) 0 (0%) - 
VAS Median (.25; .75) 80.0 [70.0;90.0] 95.0 [90.0;100] <0.0001*** 

Statistical test used for mobility, selfcare, usual activities, pain and discomfort, anxiety and depression: exact 

symmetry test. Statistical test used for VAS: Wilcoxon paired exact test. Five levels of severity: 1(no problem), 

2(slight problems), 3(moderate problems), 4(severe problems), 5(extreme problems). VAS (visual analogue 

scale). ***Very Significant.  

 

No significant differences were found in the five health dimensions where 

participants had to rate their health status. Although no significant differences were 

present it can be seen from the diabetic participantsô responses that they are more 

likely to experience problems in three health domains: usual activities (OR: 10.9), 

pain and discomfort (OR: 2.3) and anxiety and depression (OR: 2.3). When 

participants had to to rate their overall health and plot it on a vertical axis, diabetic 

participants rated their HRQoL to be poorer than the non-diabetic participants 

(p<0.0001; Wilcoxon paired exact test). The score for the diabetic participants 

HRQoL was 80/100 compared to the non-diabetic participantsô of 95/100.    
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3.7 Summary  

Figure 8 illustrates the number of diabetic participants with inner ear dysfunction. 

 

Figure 8: Inner ear dysfunction in the diabetic participants.   

 

The presence of hearing loss in both ears were higher in the type 1 DM participants 

compared to the non-diabetic participants. In total 15/30 (50%) diabetic participants 

had either a bilateral or unilateral hearing loss compared to 11/30 (37%) non-diabetic 

participants (OR: 1.7). Vestibular dysfunction was described as abnormal vHIT 

results and/or abnormal VEMP results. Therefore, a total of 26/30 (87%) diabetic 

participants had vestibular dysfunction compared to only 7/30 (23%) non-diabetic 

participants (OR: 24.2). Overall, 14/30 (47%) diabetic participants had hearing loss 

together with vestibular dysfunction compared to only 4/30 (13%) non-diabetic 

participants.     
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Chapter 4: Discussion and conclusion 

 

4.1 Discussion of results 

The current research study aimed to describe auditory-vestibular function in adults 

with type 1 DM, and to determine the impact of the disease on their risk of falls and 

HRQoL. Data from this group was compared to data obtained from a control group of 

non-diabetic age and gender matched adults. This main aim was achieved by 

performing AC pure tone audiometry, vestibular tests (cVEMPs, oVEMPs and vHIT), 

three fall risk assessments (BBS, DGI and TUG) as well as a quality of life 

questionnaire (EQ-5D-5L questionnaire). The results of this research study showed a 

significantly higher occurrence of auditory dysfunction in the type 1 DM participants 

compared to the non-diabetic participants. Type 1 DM participants also showed a 

higher occurrence of vestibular dysfunction but not for risk of falling. Diabetic 

participants were found to have a significantly poorer HRQoL.  

 

4.1.1 Hearing loss and type 1 diabetes mellitus 

The association between hearing loss and DM has been researched since it was first 

mentioned by Jordan in 1857 (David et al., 2015). However the exact cause and 

effect correlation between hearing loss and DM are still not clear (Malucelli et al., 

2012). Diabetes mellitus is a global health burden that is predicted to be the seventh 

leading cause of death in 2030. According to the International Diabetes Federation 

(IDF, 2017) 425 million people world-wide are affected by DM. Diabetes mellitus can 

lead to blindness, kidney failure, heart attacks, stroke and lower limb amputation 

(WHO, 2018). As mentioned DM can also lead to hearing loss (Akinpelu, Mujica-

Mota, & Daniel, 2013; Teng et al., 2017). Among the leading causes of the Global 

Burden of Disease hearing loss is ranked 15th, furthermore hearing loss is the 2nd 

leading cause of years lived with a disability (WHO, 2002). Due to these detrimental 

effects of DM and hearing loss, the structural and functional changes in individuals 

with DM should be well defined to allow creation of new ways of preventing and 

managing damage to the inner ear (Xipeng et al., 2013).  

 

The inner ear is dependent on a continuous supply of oxygen and glucose rich blood 

as created by microcirculation (Rybak, 1995). Diabetes mellitus impairs this constant 
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supply of blood and can lead to inner ear dysfunction. Numerous studies conclude 

that type 1 DM is closely linked to hearing loss (Austin et al., 2009; Celik, Yalcin, 

Celeni, & Ozturk, 1996; DŃbrowski et al., 2011; David et al., 2015; Hou et al., 2015; 

Malucelli et al., 2012; Okhovat et al., 2011; Rance et al., 2014; Teng et al., 2017; 

Xipeng et al., 2013). In a recent literature review that included 252 DM participants 

and 253 non-diabetic participants, the pooled odds ratio for the prevalence of 

hearing loss in type 1 DM individuals versus non-diabetics was 49.08 (Teng et al., 

2017). The hearing loss associated with type 1- and 2 DM proves to be mild or 

subclinical, bilateral, progressive, sensorineural, and predominantly in the high 

frequencies (Akinpelu et al., 2013; Botelho, Da Silva Carvalho, & Silva, 2014; 

DŃbrowski et al., 2011; Teng et al., 2017). According to the theory of tonotopicity, 

DM first causes damage to the hair cells at the basal end of the cochlea which then 

present as a high frequency hearing loss (Vesperini et al., 2011). In contrast, other 

studies proves that all the frequencies are effected in type 1 DM individuals and not 

only the high frequencies (Hou et al., 2015; Lasagni et al., 2016; Malucelli et al., 

2012; Okhovat et al., 2011).  

 

The audiometric findings from the current study are in agreement with existing 

literature that found significantly elevated mean audiometric thresholds at all the 

frequencies in type 1 diabetic participants compared to non-diabetic participants. 

However with the mean pure tone thresholds still within normal limits (Hou et al., 

2015; Lasagni et al., 2016; Okhovat et al., 2011). The results of the current study 

showed higher 4 tone-PTAs and audiometric thresholds at all the frequencies in the 

diabetic participants compared to the non-diabetic group, but were still within the 

normal limits at 1000Hz-8000Hz (<15dBHL). Diabetic participantsô lower frequencies 

were more likely to have hearing loss (250Hz-500Hz). The occurrence of hearing 

loss in the current study closely correlates with the study by Hou et al. (2015) that 

found 24/50 (48%) type 1 DM participants to have a hearing loss. In the current 

study a total of 15/30 (50%) diabetic participants had either a bilateral or unilateral 

hearing loss (>16dBHL) compared to 11/30 (37%) non-diabetic participants. Of these 

participants 11/30 (37%) type 1 DM participants had a bilateral hearing loss, 

compared to only 3/30 (10%) non-diabetic participants. Unilateral hearing loss was 

present in more non-diabetic participants, 8/30 (27%) compared to 4/30 (13%) 

diabetic participants. Overall, the odds ratio from the current study indicated that the 
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risk of hearing loss was 1.7 times higher in individuals with type 1 DM than in healthy 

individuals. It has to be considered that early damage in the cochlea could have 

been missed, as conventional pure tone audiometry cannot detect the earliest 

damage in the cochlea (David et al., 2015; Ottaviani, Dozio, Neglia, Riccio, & 

Scavini, 2002).  

 

In contrast to the above mentioned studies some research studies reported that type 

1 DM participants only have higher audiometric thresholds at high frequencies 

(Botelho et al., 2014; DŃbrowski et al., 2011). Some authors even reported that there 

is no link between hearing loss and DM (De Espana et al., 1995; Pessin et al., 2008; 

Tavakoli et al., 2014). These disparities in results could be due to a number of 

variations in the research design. Firstly sample size; some studies only have limited 

study participants compared to others. Smaller sample sizes are not necessarily 

representative of the specific study population. Secondly, it is very difficult to study 

the independent effect of DM on the inner ear as various other variations and 

complications can have an influence on auditory function. For example: the age of 

the participants and the exclusion of any other factors that could influence auditory 

function such as ototoxic medication, noise exposure, middle ear pathology etc. 

Thirdly, the test methods used. Some studies only used one test procedure to 

assess auditory function while other studies include several test procedures namely 

pure tone audiometry, ABR and OAE.  

 

Auditory dysfunction proves to be related to disease duration, HDL level, systemic 

blood pressure, microalbuminuria, GHbA1c, triglyceride and age of the patient. A 

longer disease duration can increase type 1 diabeticsô risk for hearing loss (Hou et 

al., 2015; Okhovat et al., 2011; Pudar, Vlaski, Filipovic, & Tanackov, 2010; Seidl et 

al., 1996). In the current study the mean disease duration of the type 1 diabetic 

individuals was 16.2 years, with a maximum of up to 42 years. Pudar and colleagues 

(2010) correlated a higher risk for hearing loss in individuals with a longer disease 

duration, hearing loss was especially prominent in individuals with a disease duration 

of more than 10 years. 

 

Fluctuations in blood glucose can affect the endolymph in the inner ear and cause 

hydroelectrolytic imbalance (Hou et al., 2015). The median blood glucose level of 
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type 1 DM individuals on the day of the assessment was 8.1 mmol/L with 11/30 

(37%) individuals above the normal 8mmol/L, as recommended by the National 

Institute for Health and Clinical Excellence (NICE) and the International Diabetes 

Federation (Abbott Diabetes Care, 2018). Sustained high blood glucose levels cause 

an increase in GHbA1c production. These higher GHbA1c and/or microalbuminuria 

levels can aggravate hearing loss in individuals with DM (Hou et al., 2015). In the 

current study the mean GHbA1c level for the type 1 DM individuals was 14%, higher 

than the normal 7% (Schubert et al., 2010). Hou and colleagues (2015) correlated 

high GHbA1c levels with damage to the OHCôs in the cochlea.  

 

4.1.2 Vestibular dysfunction and type 1 diabetes mellitus 

The auditory and vestibular systems are both innervated by the eighth cranial nerve 

and share the same blood supply (Stach, 2010). Therefore, due to this shared nerve 

and blood supply, DM can cause damage not only to the auditory system but also to 

the vestibular end-organs (Ward et al., 2015). Vestibular dysfunction is still a newly 

recognized secondary manifestation of DM (Schubert et al., 2010). In general 

literature is sparse concerning this topic (Gawron et al., 2002). To date only a few 

studies reported vestibular dysfunction in individuals with type 1 DM (Gawron et al., 

2002; Kamali et al., 2013; Kamali et al., 2013; Klagenberg et al., 2007; Prakash & 

Sumathi, 2013; Rigon et al., 2007; Scherer & Lobo, 2002; Tavakoli et al., 2014).    

 

Previous research primarily focused on caloric testing (Gawron et al., 2002; 

Klagenberg et al., 2007; Rigon et al., 2007; Scherer & Lobo, 2002) and cVEMPs 

(Kamali et al., 2013; Kamali et al., 2013; Tavakoli et al., 2014) to determine the 

vestibular function of type 1 DM participants. The cVEMPs showed a higher 

occurrence of abnormal response parameters in type 1 DM participants than in non-

diabetic participants (Kamali et al., 2013; Kamali et al., 2013; Tavakoli et al., 2014). 

However studies differ in concluding what parameters of the cVEMP response were 

affected. Two studies (Kamali et al., 2013; Kamali et al., 2013) found that the mean 

P1- and N1 latencies were significantly delayed in individuals with type 1 DM. 

However no difference in the absolute and relative amplitudes of the VEMP 

responses between the experimental and control group were evident. Interestingly 

another study (Tavakoli et al., 2014) compared the cVEMP responses of 15 

individuals with type 1 DM, 15 individuals with type 2 DM and 10 healthy participants. 
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The researchers concluded that only the cVEMP amplitudes were statistically 

smaller in the type 1 and type 2 DM participants compared to the non-diabetic 

participants.  

 

In contrast to the above mentioned research, the current study showed no significant 

differences in the cVEMP results between the diabetic and non-diabetic participants. 

Similar to Kamali et al. (2013), all the participants in the DM group (n=30) had 

present cVEMPs. No significant differences were present in cVEMP P1- and N1 

latencies and the cVEMP amplitude between the two groups. Despite no significant 

differences, 17/30 (57%) diabetic participants had either a delayed P1- and/or N1 

latency. Delayed VEMP latencies in individuals with DM can be indicative of 

neuropathy (Ward et al., 2015), as neuropathy is one of the most common 

complications associated with DM (Fowler, 2008). However according to Murofushi 

et al., 2001 damage to the vestibular nerve only may be insufficient to cause 

abnormal VEMP latencies. Brainstem lesions, especially those in the vestibulospinal 

tract, are suspected to be responsible for delayed P1 latencies. Brainstem and 

midbrain lesions have been connected to DM (Siddiqi, Gupta, Aslam, Hasan, & 

Khan, 2013). Possible reasons for the inconsistency in VEMP results could be due to 

a number of reasons. Firstly sample size as some studies only have limited study 

participants compared to others. Larger sample sizes increases the sensitivity of the 

hypothesis while smaller sample sizes are not necessarily representative of the 

specific study population. Secondly, different exclusion and inclusion criteria. For 

example: the age of the participants, the duration of disease, the exclusion of any 

other factors that could influence vestibular function such as ototoxic medication, 

head trauma, middle or inner ear infections etc.  

 

To our knowledge, the nature of utricular function as determined by means of 

oVEMPs in type 1 DM individuals has not yet been described. However Kalkan and 

colleagues (2018) reported oVEMP findings in type 2 DM participants with 

polyneuropathy, DM participants without polyneuropathy and healthy controls. A 

significant difference was found in the oVEMP amplitudes between the three groups 

for both ears. The DM participants with polyneuropathy had the smallest oVEMP 

amplitude of the three groups followed by the DM participants without 

polyneuropathy. No significant differences were found in the P1- and N1 latencies. In 
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contrast to Kalkan et al. (2018) that found present oVEMP responses in all the 

participants, in the current study participants in the diabetic group were more likely to 

have absent oVEMPs on the right than participants in the non-diabetic group. For the 

right ear a significant difference was present between the diabetic and non-diabetic 

participants median oVEMP N1 latency but were still within the normal range for both 

groups. Similarly to the study by Kalkan and colleagues (2018), a significant 

difference was only present in the oVEMP amplitude for both ears between the two 

groups. Overall the oVEMP amplitude for the diabetic participants was smaller than 

the amplitude for the non-diabetic participants. Abnormalities in oVEMP amplitude 

can be interpreted as utricular dysfunction (Kalkan et al., 2018).   

 

In addition to the limited utricle function studies in type 1 DM individuals, only one 

previous study investigated horizontal semicircular canal (SSC) function in type 1 

DM participants using vHIT. Rance et al. (2014) performed the horizontal vHIT in 

type 1 DM individuals, to evaluate the participantsô vHIT gain. The average bi-

directional gain for all the participants was normal (>0.68) except for one. This one 

asymmetrical gain indicated a unilateral peripheral vestibulopathy. In the current 

study horizontal and vertical vHITs were performed. The gain together with the 

presence of overt and covert saccades was investigated in a manner similar to 

Kalkan and colleagues (2018), who reported vHIT findings in type 2 DM participants 

and healthy controls. The researchers reported no significant differences in gain for 

all the SSCôs between the two groups. In the current study there was a significant 

difference between the diabetic and non-diabetic groupsô left anterior gain (p=0.001) 

and right posterior gain (p=0.02), suggesting a decrease in anterior- and posterior 

canal functioning for diabetic participants. However no significant differences were 

present in the lateral gain for either ear, right anterior gain and left posterior gain.  

In contrast to the study by Kalkan and colleagues (2018) that found no overt- or 

covert saccades in any of the participants, in the current study, despite no significant 

differences, diabetic participants had more overt and covert saccades for all three 

SSCôs than the non-diabetic participants on both sides.  

Other tests of vestibular system function for type 1 DM participants previously 

reported included the velocity step test, caloric tests, positional and spontaneous 

nystagmus tests as well as ocular motor tests (pursuit tracking and optokinetic 

nystagmus test) (Gawron et al., 2002; Klagenberg et al., 2007; Rigon et al., 2007; 
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Scherer & Lobo, 2002). An increased occurrence of vestibular dysfunction in type 1 

DM participants were supported by abnormal caloric test results (Klagenberg et al., 

2007; Rigon et al., 2007; Scherer & Lobo, 2002). Furthermore, vestibular dysfunction 

may be sub-clinical considering the absence of vestibular symptoms such as 

dizziness (Rigon et al., 2007; Scherer & Lobo, 2002). In contrast to the three above 

mentioned studies, Gawron et al. (2002) reported that the metabolic disturbances 

found in type 1 DM cause disturbances in the peripheral vestibular structures as 

evidenced by abnormal caloric and positional nystagmus test results, but mostly in 

the central structures as shown by impaired optokinetic responses in 36/95 (37.89%) 

type 1 DM participants, followed by spontaneous nystagmus in 10/95 (10.53%) 

participants.  

 

The current study is in agreement with existing literature that shows a higher 

occurrence of vestibular alterations and an increased risk of vestibular dysfunction in 

type 1 DM individuals. Vestibular dysfunction was described as abnormal vHIT 

results and/or abnormal VEMP results. Therefore, a total of 26/30 (87%) diabetic 

participants had vestibular dysfunction compared to only 7/30 (23%) non-diabetic 

participants (OR: 24.2). However, the pathophysiology in the vestibular end-organs 

due to DM are not yet clear (Gioacchini et al., 2018) and it has to be considered that 

vestibular dysfunction can be overlooked if only certain parts of the vestibular system 

are tested such as in previous research studies. 

 

4.1.3 Risk of falling and type 1 diabetes mellitus 

Balance is maintained through the input provided by three systems: vestibular, visual 

and somatosensory. The inputs from these three systems are processed centrally to 

maintain balance. Individuals with impaired somatosensory and visual input will rely 

on their vestibular system to maintain balance (Silva et al., 2016). Common 

complications associated with DM are retinopathy and peripheral neuropathy which 

will therefore impair the input from the visual an somatosensory systems and 

increase diabeticsô risk of falls (Gioacchini et al., 2018). In addition, DM is also 

associated with vestibular dysfunction. Vestibular dysfunction is a known risk factor 

of falls (Silva et al., 2016). Even when peripheral neuropathy and retinopathy have 

been excluded as contributing risk factors, vestibular dysfunction independently 

increases the risk of falls in diabetic individuals (Schubert et al., 2010). Falls can lead 
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to a decline in functional and emotional status (Schubert et al., 2010), which in turn 

decreases HRQoL (Yang et al., 2016).  

 

Research about the gait and risk of falls in individuals with DM is still limited 

(Petrofsky, Lee, Macnider, & Navarro, 2005). Agrawal et al. (2009) evaluated the risk 

of falls in adults 40 years and older with DM using the Romberg test. The risk of falls 

was 12 times higher for the DM participants with vestibular dysfunction and 

complaints of dizziness. The DM participants with vestibular dysfunction but no 

dizziness complaints still had a significantly higher risk of falls. Furthermore, a recent 

literature review concluded that especially older adults with DM are at risk for falls 

with a risk ratio of 1.64. The risk of falls seems to be even higher for those 

individuals using insulin treatment with a risk ratio of 1.94 compared to a risk ratio of 

1.27 for those not using insulin treatment. (Yang et al., 2016).  

 

In contrast to the above research studies, the current study did not show any 

increased risk of falls in DM. A significant difference was present in one of the risk of 

falls assessments between the diabetic and non-diabetic group. Diabetic participants 

were more likely to obtain a lower score for the DGI than non-diabetic participants 

(OR: 3.9). Despite the significant difference only 1/30 (3%) diabetic participant 

obtained an abnormal score (<19) for the DGI. No significant differences were 

present for the other two fall risk assessments: the BBS and TUG. None of the 

participants had an abnormal score for the BBS. Furthermore, only one participant in 

each group obtained an abnormal score for the TUG (>10s). It was noted that one 

type 1 DM participant did poorly in all three fall risk assessments, indicating a high 

risk of falls. The participant obtained an abnormal score for the DGI (13/24) and 

completed the TUG in 14.03 seconds. This participant also had a near abnormal 

score for the BBS (41/56). 

 

The overall maximal/near maximal scores for the DGI, BBS and TUG for both the 

diabetic and non-diabetic group indicate a low fall risk and good mobility. The DGI 

has been proved to be an appropriate tool to assess balance function (Herman et al., 

2009). Multiple studies have indicated that the BBS has a high validity and reliability 

on diverse target populations, and is often used for the assessment of balance of 

individuals with chronic diseases. For the TUG test, it has been proven that the time 
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score is reliable and that it can assess a participantôs ability to safely go about their 

daily living (Podsiadlo & Richardson, 1991). A possible explanation for the majority of 

normal scores are the age of the participants in the study. Older adults (60 years and 

older) with DM have an excessive risk of falls (Yang et al., 2016). Only participants 

younger than 60 years old were included in the study.  

     

4.1.4 Health related quality of life and type 1 diabetes mellitus 

Because DM is such a growing health concern, health professionals aim to expand 

research in order to be able to avoid possible secondary disorders that can impact 

the individualôs HRQoL (Rigon et al., 2007). Furthermore, the measurement of 

HRQoL in individuals with DM are considered important for disease management 

(Bhardwaj, Choudhary, & Sharma, 2018). However the differences in research 

questions, measurement tools and study samples in the available research makes it 

difficult to reach consensus regarding management policies (Kiadaliri, Najafi, & 

Mirmalek-Sani, 2013). In the current study, no significant differences were found in 

the five health dimensions where participants had to rate their health status using the 

EQ-5D-5L Health Questionnaire. Although no significant differences were present it 

can be seen from the diabetic participantsô responses that they are more likely to 

experience problems in three health domains: usual activities, pain and discomfort 

as well as anxiety and depression. Overall diabetic participants also rated their 

HRQoL to be significantly poorer than the non-diabetic participants. The score for the 

diabetic participants HRQoL was 80/100 compared to the non-diabetic participants 

95/100.    

 

Previous studies have also shown that DM has an impact on HRQoL (Bhardwaj et 

al., 2018; Kiadaliri et al., 2013; Nielsen, Ovesen, Mortensen, Lau, & Joensen, 2016). 

People with DM tend to rate their HRQoL to be poorer than people without DM 

(Bhardwaj et al., 2018). Bhardwaj et al. (2018) evaluated 60 type 1 DM participantsô 

HRQoL using the standardized quality of life instrument for Indian diabetes 

individuals. The researchers found that 73%, 23% and 3% of the type 1 DM 

participants had fair, good and poor HRQoL. Furthermore, the HRQoL of these 

participants were correlated with disease duration, duration of using treatment and 

duration of prescribed medication. In addition, the HRQoL seems to be dependent 

on the presence of complications (Nielsen et al., 2016). Another study found that 
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participants with type 1 DM HRQoL decreased over time (Hart, Redekop, Bilo, Berg, 

& Jong, 2005). Due to these findings it is evident that psychosocial support need to 

be part of type 1 DM individualsô treatment plan.   

 

4.2 Clinical relevance 

Results of the current study in conjunction with previous research indicate that 

individuals with type 1 DM have a higher occurrence and risk of auditory and 

vestibular dysfunction than those without DM. It is evident that unidentified inner ear 

damage together with other DM related complications can have a negative effect on 

individuals HRQoL including their independence, emotional status and social 

interaction (Rance et al., 2014). Due to these findings hearing and vestibular function 

tests as well as psychosocial support need to be considered as an integral part of 

type 1 DM patientôs management strategy. The auditory- and vestibular function of 

individuals with type 1 DM should be closely monitored to better prevent further 

damage that places them at a higher risk of falls and serious life threatening injuries 

which will decrease patients HRQoL. If necessary, auditory management should be 

provided to individuals with DM including hearing aids and aural rehabilitation as well 

as vestibular management including: vestibular and balance rehabilitation therapy. 

Furthermore, individuals should be assessed for risk of falls and should be provided 

with psychosocial support. Health professionals managing individuals with DM have 

the important role of informing individuals of the effect that DM can have on their 

inner ear and to make the appropriate referrals. Individuals should be aware of the 

early signs of hearing loss: tinnitus, difficulty with speech discrimination in noise and 

signs of vestibular dysfunction: vertigo, dizziness, postural and gait instability as well 

as problems with gaze stability during head movements. In addition individuals 

should be taught that they need to closely monitor their hearing and vestibular 

functioning, even if they do not have any auditory- and/or vestibular symptoms 

(Rigon et al., 2007; Teng et al., 2017). Previous research have shown that the 

vestibular end-organ can be affected even when patients do not have any symptoms 

or complaints (Rigon et al., 2007; Scherer & Lobo, 2002). Furthermore, Agrawal et 

al. (2009) found that DM patients with vestibular dysfunction but no dizziness 

complaints still had a significantly higher risk of falls. It is evident that even if a 

patient does not have any symptoms, vestibular dysfunction can still increase their 

risk of falls and negatively affect their HRQoL. Patients should therefore have an 
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auditory- and vestibular assessment as early as possible after DM has been 

diagnosed and should be monitored regularly to be able to better prevent and treat 

inner ear dysfunction.  

 

Audiologists should be aware of a DM diagnosis in their patients and should use test 

methods that are able to identify the earliest of hearing damage (Lisowska, 

Namysowski, Morawski, & Strojek, 2001). Based on the current studiesô results and 

previous research the following test methods are recommended for the monitoring of 

hearing in individuals with DM: OAEôs, if the equipment is available, to be able to 

identify the earliest damage to hair cells in the cochlea (Rakesh, Deepali, Dinesh, 

Singh, & Verma, 2013). If not possible, mobile and automated hearing health 

technology (HearScreen/HearTest) or pure tone audiometry can also be considered. 

For vestibular function monitoring in individuals with DM, VEMPs and vHIT are 

recommended, if the equipment is not available the subjective visual vertical test can 

be used to assess utricle function as the oVEMPs were affected the most in the 

current study. Furthermore, the head impulse test and the dynamic visual acuity test 

can be used to assess SSC function and gaze stability during head movement 

respectively.  

 

4.3 Critical evaluation 

Discussed below are the strengths and limitations of the current study: 

 

4.3.1 Strengths of the study 

¶ The current study expanded on the limited research available about the auditory-

vestibular function in type 1 DM individuals. 

¶ The current study combined the assessment of auditory-vestibular function in 

type 1 DM individuals, their risk of falls and HRQoL. All five of the vestibular end-

organs were assessed. Previous studies only incorporated isolated assessments.   

¶ Reliable and standardized test procedures were used in this study to assess 

auditory and vestibular functioning.   

¶ The order of cVEMP, oVEMP and vHIT testing were randomized for each 

participant, to avoid order bias.  
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¶ Type 1 DM participants were educated about the impact of the disease on their 

hearing and balance and received information regarding the condition of their 

auditory and vestibular function. 

¶ Necessary referrals could be made to a general practitioner or ENT when either 

an outer or middle ear component were identified. When hearing/vestibular 

dysfunction were identified individuals could be referred to an audiologist. 

Furthermore, if participants had any psychological symptoms they could be 

referred to a psychologist.  

¶ Participants in both the diabetic and non-diabetic group were educated on the 

importance of monitoring their hearing and balance functioning.    

 

4.3.2 Limitations of the study 

¶ Although participants were age and gender matched, the differences in auditory-

vestibular function between male and female DM individuals were not determined 

in the current study.  

¶ Participants were not tested at the same time during the day which could 

determine if they have recently eaten and could therefore have an influence on 

their blood glucose level.  

¶ All participants with type 1 DM that fit the inclusion and exclusion criteria were 

tested regardless of the type of insulin and the combinations of diabetes 

medication they use.  

¶ All participants were tested regardless of their duration of DM and blood glucose 

level.   

¶ In previous studies hearing loss in individuals with type 1 DM proves to be 

predominantly in the high frequencies even beyond 8000Hz (DŃbrowski et al., 

2011). In the current study audiometric thresholds were only obtained up until 

8000Hz.  
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4.4 Recommendations for future research 

The recommendations listed below can be used for future research studies: 

  

¶ Although participants were age and gender matched, differences in the auditory-

vestibular function between male and female type 1 DM individuals should be 

investigated.  

¶ Differences in the auditory-vestibular function and disease duration should be 

further investigated.   

¶ Future studies can investigate the possibility of differences in the auditory-

vestibular function of type 1 DM individuals in stages with abnormally high and 

low blood glucose levels.  

¶ Hearing loss in individuals with type 1 DM proves to be predominantly in the high 

frequencies (DŃbrowski et al., 2011). More research with hearing testing at 

frequencies above 8000Hz should be done.  

¶ Only participants older than 18 years old were included in the study. The 

auditory-vestibular function of children younger than 18 years old with type 1 DM 

should be further investigated, using a test battery to assess all five vestibular 

end-organs.   

¶ Further in depth studies should be conducted on individuals with DM focusing on 

the role and clinical relevance of VEMP testing in identifying early signs of 

neuropathy.  

   

4.5 Conclusion  

In the current study a statistically significant higher occurrence of auditory 

dysfunction was present in the type 1 DM participants compared to the non-diabetic 

participants. Type 1 DM participants showed a higher occurrence of vestibular 

dysfunction but not for risk of falling. Diabetic participants were found to have a 

statistically significant poorer HRQoL. The findings of the study highlights the 

importance of monitoring the hearing and vestibular function in individuals with type 

1 DM to be able to prevent damage, if any inner ear dysfunction is involved patients 

should be provided with early intervention to avoid a decrease in their HRQoL. 
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Appendix C: Permission letter to the head of the Diabetic Clinic 

Prof Paul Rheeder at Steve Biko Academic Hospital (SBAH) 
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Appendix F: Permission letter to Dr Frans Erasmus at Dr Frans 
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Appendix I: Permission letter to Dr Frans Erasmus at Dr Frans 
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