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ABSTRACT 
 
Diabetes mellitus, a chronic disease characterised by hyperglycaemia, is increasing in 

prevalence worldwide. Its ophthalmic complications are among the leading causes of visual 

impairment and blindness globally. Diabetes increases the risk of cataracts and can lead to 

diabetic retinopathy (DR). These complications can impair quality of life and are associated 

with significant costs, both to individuals and health care systems. It is important, therefore, to 

proactively identify risk factors, and detect and treat ocular complications early, to preserve 

vision. The overarching aim of this thesis was to increase our understanding of the risk factors 

associated with eye complications in people with type 2 diabetes, from cataracts which affect 

the lens at the front of the eye to DR which can interfere with the way visual images are 

processed.  

 

The first study (Chapter 4) compares the incidence of intraocular lens (IOL) implantation due to 

cataract in people with and without type 2 diabetes using data from the prospective Fremantle 

Diabetes Study Phase II (FDS2). The crude incident rate ratio of IOL implantation in those with 

type 2 diabetes versus those without was 1.50 (95% CI: 1.32-1.71). Younger age groups were 

disproportionately affected, the youngest group having seven times the incidence rate of IOL 

implantation than people of the same age but without diabetes. Competing risk analysis 

showed that age, diabetes duration, serum HDL cholesterol, serum triglycerides, prior history 

of severe hypoglycaemia, Asian and southern European ethnicity, increased the risk of IOL 

implantation in FDS2 participants with type 2 diabetes. 

 

Chapter 5 focusses on disparities in DR prevalence, severity and four-year progression 

between Anglo-Celts and Aboriginal Australians using FDS2 data. Despite higher crude odds, 

after adjusting for known risk factors, Aboriginal ethnicity was not significantly associated with 

any DR at baseline or new or worsening DR during follow-up, but it was associated with 
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increased odds of more severe DR at baseline. These results highlight the need for culturally 

appropriate ophthalmic and diabetes care for Aboriginal people. 

 

Whether DR is a risk factor for stroke and myocardial infarction (MI) events is examined in 

Chapter 6. Based on FDS2 data, DR was associated with an increased risk of stroke after 

adjustment for other risk factors. DR was associated with an increased risk of MI in unadjusted 

models, but not when adjusting for the most parsimonious model. DR may thus be a useful 

indicator of future stroke risk. 

 

The fourth study (Chapters 8-10) comprises the main part of the thesis. It aims to elucidate the 

relationship between macrovascular and microvascular disease in diabetes. Carotid disease, as 

proximal macrovascular disease, has been associated with DR but this has not been found in all 

relevant studies. Optical coherence tomography angiography (OCTA) is a novel imaging 

technique that constructs a map of retinal blood flow, automatically generating variables such 

as retinal vessel density in different areas and depths of the retina. OCTA variables have been 

associated with DR. A random sample of FDS2 participants attended a single study visit in 

which they underwent comprehensive assessments including a carotid ultrasound, an 

ophthalmic assessment and a knowledge questionnaire.  

 

Generalised estimating equations showed carotid disease was associated with greater odds of 

DR and reduced retinal vessel density after adjustment for other risk factors. Although 

directionality cannot be established, this suggests that carotid disease may be a useful clinical 

indicator of DR and, in those with DR, that a review of cardiovascular risk may be beneficial. 

The knowledge questionnaire data showed most were aware that diabetes affects the eye but 

knowledge beyond this was suboptimal. Those with worse levels of DR had greater knowledge, 

as did those who were younger or educated beyond primary school. These results highlight 
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gaps in diabetes education and show who may benefit from additional instruction on diabetes 

eye disease. 

 

The final study (Chapter 11) assesses whether a validated panel of proteomic biomarkers used 

to predict diabetic kidney disease could also be used to predict DR as these complications 

often coexist. The panel was not significantly associated with DR baseline prevalence in FDS2, 

nor its incidence or progression. A discovery process is, therefore, underway to determine 

whether there are other circulating biomarkers that can identify those likely to develop DR, in 

addition to conventional risk factors. 
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CHAPTER 1: GENERAL INTRODUCTION 
 

Diabetes mellitus is a complex chronic disease characterised by hyperglycaemia due to insulin 

resistance, low levels of insulin secretion and/or excessive glucagon secretion (1). There are 

many different types of diabetes mellitus, the two most common are type 1 and type 2 (1). 

Type 1 diabetes is an autoimmune condition where the insulin-producing beta cells of the 

pancreas are destroyed (1, 2). Type 2 diabetes is more common and accounts for about 90% of 

all cases (3, 4). It is mostly due to insulin resistance leading to hyperglycaemia in the presence 

of an inadequate beta cell response (1, 2). Other types of diabetes include gestational diabetes 

which occurs in pregnancy, neonatal diabetes which occurs within the first six months of life, 

Latent Autoimmune Diabetes in Adults (LADA) which is typically defined by the presence of 

glutamic acid decarboxylase (GAD) antibodies, and Maturity-Onset Diabetes of the Young 

(MODY), and Maternally inherited diabetes and deafness (MIDD) which involve genetic 

mutations (5). The studies reported in this thesis focus on people with type 2 diabetes. The 

prevalence of diabetes has been increasing worldwide, reaching epidemic proportions, 

underscoring the need for research to improve management and thus prevent complications. 

 

1.1 History of diabetes mellitus 

Diabetes was recognised throughout history by some of the earliest physicians. There is 

evidence of diabetes being described in Ebers papyrus dating back to 1500 BC (6). 

Furthermore, a famous Indian surgeon Sushruta documented diabetes using the word 

“madhumeha” meaning honey-like urine in the 5th century BC (6). He noted the urine tasted 

sweet, felt sticky and attracted ants (6). He also observed that it tended to affect the higher 

castes, related to a diet with large consumption of rice, cereal and sweets (6). From the 8th 

century AD onwards, physicians noted complications of diabetes including skin infections, 

ulcers and disturbances of vision (6).  
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In the 17th century, Thomas Willis also described the sweetness of urine and suggested that 

diabetes may be related to blood rather than the kidneys (6, 7). He also added the term 

“mellitus” to differentiate between excessive sweet urine production and “insipidus” which is 

the excessive production of non-sweet urine (7). In the 19th century Claude Bernard identified 

that the liver stored glycogen and hypothesised that excess secretion caused diabetes (6). In 

the late 1800s, Minkowski and von Mering showed that the pancreas was important for 

maintaining glucose homeostasis after performing pancreatectomies on dogs (6, 7). Insulin 

was discovered in 1923 by Frederick Banting, Charles Best and John MacLeod (6).  

 

Although problems with eyesight in people with diabetes were documented from the 8th 

century AD, it was not possible to visualise the back of the eye until the development of the 

ophthalmoscope by Hermann von Helmholtz in 1951 (8). Edward Jaegar was the first to 

observe diabetes-related changes to the macula, in 1856, describing one patient’s macular 

region to have “roundish or oval, yellowish spots and extravasations that permeated part of 

the whole thickness of the retina” (9). Jaegar was criticised by von Graefe who stated that 

there was no proof of a causal relationship (9). However, further work by others, including 

Theodor Leber, later confirmed Jaegar’s observations (9). Nevertheless, the debate continued 

into the 20th century until Arthur James Ballantyne’s work suggested that diabetic retinopathy 

(DR) was a unique vasculopathy (9). He demonstrated the role of capillary wall alterations in 

the development of DR and maculopathy (9). 

 

1.2  Risk factors for, and symptoms of, type 2 diabetes 

People at an increased risk for type 2 diabetes tend to be older, have an unhealthy lifestyle, be 

obese or have central adiposity, and undertake low levels of physical activity (4, 10). Females 

who have had gestational diabetes are at a higher risk of developing type 2 diabetes later in 

life (4, 10). Type 2 diabetes affects different ethnic groups disproportionately (3, 4, 10). 

Aboriginal and Torres Strait Islanders, Native Americans, Pacific Islanders and populations in 
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the Middle East and South Asia have a higher incidence of type 2 diabetes (3, 10). There is also 

a strong genetic predisposition to type 2 diabetes (4, 5, 10, 11). Studies have shown 70% 

concordance for type 2 diabetes in monozygotic twins and only 20-30% concordance in 

dizygotic twins (5, 11). Type 2 diabetes is often associated with metabolic syndrome, which 

includes an increased waist circumference, hypertension, low serum high density lipoprotein 

(HDL) cholesterol and increased serum triglycerides (3). 

 

The typical symptoms of type 2 diabetes include thirst, polyuria, tiredness, weight loss and 

susceptibility to infections (3, 10). However, it is typically asymptomatic until hyperglycaemia is 

established, and therefore may go undetected for years (3, 4). During this asymptomatic 

period, individuals can still develop diabetes complications including DR (3, 4), which is why 

screening programs to detect diabetes are important.  

 

1.3 Diagnosis  

Abnormal blood glucose levels are used to diagnose diabetes. The Royal Australian College of 

General Practitioners define the diagnostic criteria for type 2 diabetes as: 

1.  Fasting blood glucose ≥7.0 mmol/L on two separate occasions, or 

2. Two-hour post-prandial glucose ≥11.0 mmol/L during an oral glucose tolerance test on 

two separate occasions, or 

3. Glycated haemoglobin (HbA1c) ≥6.5% or ≥48 mmol/mol on two separate occasions (3) 

These guidelines are similar to those of the World Health Organisation (WHO) and the 

American Diabetes Association (4, 10). The ADA only requires repeat tests if there is absence of 

unequivocal hyperglycaemia (4), and the WHO if the individual is asymptomatic (10). Both 

have an additional criterion in that a random plasma glucose ≥11.1 mmol/L is sufficient for 

diagnosis (4, 10). The WHO criteria is commonly used to diagnose diabetes. 
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The HbA1c was recommended as a diagnostic test for type 2 diabetes by the WHO in 2011, but 

it is not recommended for diagnosing type 1 diabetes, for use in children and young adults, for 

individuals who have only had diabetes symptoms for a short duration, for those who are at 

high risk of diabetes who are acutely ill, when an individual is taking medications that may 

cause a rapid rise in glucose levels, for those with acute pancreatic damage or pancreatic 

surgery, and during pregnancy (3). The HbA1c is also affected by systemic conditions which 

influence red blood cell survival, for example haemolytic anaemia (3).  

 

1.4 Treatment for type 2 diabetes 

There are many different treatment options for people with type 2 diabetes, including lifestyle 

modification, oral medications, insulin and other injectable treatments, their use depending on 

the degree of glycaemia. The Australian Diabetes Society (ADS) recommends that glycaemic 

targets are individualised according to specific clinical situations (12). Type 2 diabetes 

treatment guidelines by the ADS suggest that all people with type 2 diabetes should be 

encouraged to manage their diabetes with lifestyle changes including optimisation of diet and 

exercise, and that this be reinforced at each stage of treatment (13). The first line medication 

suggested if individualised glucose targets are exceeded is metformin, unless contraindicated 

or not tolerated (13). Typically, second line treatment involves addition of a sulfonylurea, but 

alternative agents include dipeptidyl peptidase-4 (DPP-4) inhibitors, sodium glucose co-

transporter 2 (SGLT2) inhibitors, acarbose, glucagon like peptide 1 receptor agonists (GLP1-

RAs) and insulin (13). Third line treatment is more complicated, and guidelines recommend 

that metformin is continued and ineffective therapies replaced with alternative medications 

(13). Additionally, patients can be put onto triple oral therapy and/or injectable GLP1-RA or 

insulin (13).  
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1.5 Current situation in Australia and worldwide 

In Australia, an estimated 1.2 million people (4.9% of the Australian population) had diagnosed 

diabetes in 2017-2018 based on the National Health Survey results (14). Of these, it was 

estimated about 1 million (4.1%) had type 2 diabetes (14). This is similar to prevalence data 

from the Fremantle Diabetes Study Phase II (FDS2) which showed that 1.1 million (4.8%) 

Australians had known diabetes in 2011-2012, of which 85.8% had type 2 diabetes (15). The 

prevalence of diabetes is likely underestimated as these data do not include those with 

undiagnosed diabetes (16). It was estimated in 2011-2012 that for every four people with 

diagnosed diabetes in Australia, there was one person without diabetes, so there are 

potentially a further 300,000 people with undiagnosed diabetes (16).  

 

According to the International Diabetes Federation Diabetes Atlas, 9th edition, an estimated 

463 million people globally (9.3%) were living with diabetes in 2019, including those with 

undiagnosed diabetes (17). This is expected to increase to 578 million people (10.2%) by 2030 

and to 700 million people (10.9%) by 2045 (17). Despite the increasing prevalence, the 

incidence of diabetes appears to be stable or decreasing in most populations (18). The 

decreasing incidence likely reflects improved lifestyle, effects of prevention programs  and 

changes in diagnostic criteria (18), while increasing prevalence possibly reflects the improved 

management of, and thus longer life expectancy in, people with type 2 diabetes (19, 20).  

 

As people are living longer with type 2 diabetes, they are more likely to develop complications, 

adding to the cost and burden of disease. The Australian Institute of Health and Welfare 

(AIHW) estimated that AU$2.7 billion was spent on diabetes in 2015-2016 by the Australian 

health system (16). Diabetes poses a significant cost to both individuals and health systems 

(21). Further research to prevent, delay and better manage complications would help reduce 

this. 
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1.6  Diabetes complications 

Diabetes complications tend to be broadly separated into two categories, macrovascular and 

microvascular (22). Macrovascular complications comprise damage to the large blood vessels 

and include coronary artery disease, cerebrovascular events and peripheral vascular disease 

(22). Microvascular complications are those in which the smaller vessels are damaged and 

include DR, nephropathy and neuropathy (22).  

 

1.6.1 Macrovascular complications 

People with diabetes have relatively high rates of cardiovascular and cerebrovascular events. A 

recent meta-analysis comprising 698,782 people from 102 studies, mostly from high income 

countries, showed that diabetes was associated with a two-fold increased risk of coronary 

heart disease (HR: 2.00 (95% CI: 1.83, 2.19) and ischaemic stroke (HR: 2.27 (1.95, 2.65)) (23). 

This study also showed that people with diabetes had significantly higher risk of coronary 

death, non-fatal myocardial infarction and other stroke types compared to people without 

diabetes (23). Another study using data from the Swedish Registry for Cause-Specific Mortality 

showed that type 2 diabetes was associated with excess mortality from cardiovascular death 

(HR: 1.14 (95% CI: 1.13, 1.15)) (24). Despite the comparatively higher risk in people with 

diabetes compared to those without diabetes, a review has shown that the rates of 

cardiovascular disease in people with diabetes has been declining since the 1990s (25). The 

decline has been attributed to earlier diabetes diagnosis and better medical management (26). 

In Australia, in 2014, coronary heart disease was the most common underlying cause of death 

for people with type 2 diabetes (27). Continued work is required to address cardiovascular 

disease in people with diabetes as the absolute and relative risk remains high (28).  

 

The macrovascular complications of diabetes include atherosclerosis, or the build-up of 

cholesterol plaques in the arteries. Although atherosclerosis often precedes the diagnosis of 

diabetes, atherosclerosis progression can accelerate with hyperglycaemia through mechanisms 
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such as oxidative stress and systemic inflammation which lead to endothelial dysfunction (29, 

30). The resultant build-up of atheromatous plaque can disrupt blood flow or rupture leading 

to myocardial infarction and stroke events (29). Management with lifestyle changes, statins 

and other lipid lowering agents, and antihypertensive medication in addition to management 

of hyperglycaemia reduces the risk of these cardiovascular events (30). This form of intensive 

management is likely to have contributed to the declining rate of these events over recent 

decades (30). 

 

1.6.2 Microvascular complications 

The microvascular complications of diabetes are conventionally DR, neuropathy and 

nephropathy. DR is damage to the back of the eye characterised by microaneurysms and 

related pathology, and is discussed in more detail in section 1.9 below. There are many types 

of diabetic neuropathies, a group of conditions affecting the nervous system (31). Peripheral 

sensory neuropathy is the most common and is defined as signs and symptoms of peripheral 

nerve dysfunction in people with diabetes where other causes have been excluded (31). 

Peripheral neuropathy can be painful and lead to lower extremity amputations (32). The 

prevalence varies, affecting between 6-51% of people with diabetes (32). Diabetic 

nephropathy is characterised by increased urinary albumin excretion and a reduced glomerular 

filtration rate in people with diabetes, often termed diabetic kidney disease (33). Diabetic 

nephropathy prevalence varies largely, affecting up to 84% of people with diabetes (34). The 

annual incidence has been estimated at 8% for those with type 2 or mixed diabetes types (35). 

Diabetes is the leading cause of end stage renal disease, which is increasing in incidence, likely 

due to longer life expectancy for those with diabetes and the willingness of health systems to 

treat older people with renal replacement therapy (25, 34). 

 

The pathophysiology of these microvascular complications is similar. Unsurprisingly, 

hyperglycaemia increases the risk of microvascular complications, however, genetic and 
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epigenetic mechanisms are also thought to contribute (36). The pathways by which damage 

occurs are similar to that of macrovascular complications and include oxidative and 

endoplasmic reticulum stress (36, 37).  

 

1.7 Associations between microvascular and macrovascular complications in diabetes 

Microvascular and macrovascular complications often co-exist in diabetes, however the 

association between them is not well characterised (22, 38). It remains unclear whether shared 

risk factors contribute to both, microvascular complications contribute to macrovascular 

complications, macrovascular complications lead to additional damage to the 

microvasculature, or a combination of these (22). Shared mechanisms which lead to both 

microvascular and macrovascular complications include endothelial dysfunction, formation of 

advanced glycation end-products, and oxidative stress (22, 38). Microvascular dysfunction is 

thought to promote plaque development (22). Alternatively occlusions to large vessels can 

affect the distal microvasculature (22). Further evidence is required to improve the 

understanding of the relationship between microvascular and macrovascular complications in 

diabetes. 

 

1.8 Cataracts  

Cataracts are opacities of the crystalline lens of the eye (39). The clouding of the lens makes it 

hard for light to pass through leading to visual impairment and blindness (39). Cataracts are a 

leading cause of severe visual impairment and blindness worldwide, affecting an estimated 

52.6 million and 12.6 million, respectively, in 2015 (40). People with diabetes have an 

increased risk of developing cataracts (41, 42). The only approved treatment is surgical 

replacement of the lens as there are, as yet, no interventions in humans that halt cataract 

progression (41, 43).  
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1.8.1 Pathophysiology of cataract 

The lens sits behind the iris, inside the eye, and is attached to the ciliary body in front of the 

retina, as shown in Figure 1.1 (39, 43). The lens focusses light onto the retina and allows for 

accommodation (39, 43). The lens is avascular and receives nutrients from the aqueous 

humour (39). The lens is comprised of epithelial cells which differentiate into lens fibres (39, 

43). As these lens fibres are not shed, the lens becomes more compact and thicker over time 

(39, 43). The lens fibres are prone to damage which causes lens discolouration and opacities 

(39). A cataract is the term used when the clarity of the lens is lost (43). The main cause of 

cataracts is age, although there are other well-known risk factors including trauma, 

medications such as steroids and metabolic disorders including diabetes (39, 43). The risk 

factors specific to diabetes are not well established, but these are discussed in detail in 

Chapter 3.  

 

 

Figure 1.1: Diagram showing the anatomy of the eye 
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1.8.2 The polyol pathway 

The main mechanism by which diabetes leads to cataract is increased osmotic and oxidative 

stress through the polyol pathway (41, 44). The enzyme aldose reductase causes the reduction 

of glucose to sorbitol (41). This results in accumulation of sorbitol and causes a hyperosmotic 

effect (41). This leads to collapse and liquefaction of lens fibres resulting in lens opacities (41). 

Additionally, osmotic stress by the sorbitol accumulation causes apoptosis of the lens epithelial 

cells, which also leads to cataract development (41). Although the polyol pathway also causes 

oxidative stress, the osmotic effect appears to have a greater role in cataract development 

(45). Chronic oxidative stress may contribute to slowly developing cataracts in people with 

diabetes (44).  

 

1.8.3 Types of cataracts 

Cataracts are typically classified as nuclear, cortical or posterior subcapsular (39, 43). Nuclear 

cataracts are characterised by hardening and yellowing of the centre of the lens (39, 43). 

Nuclear cataracts are the most common and thought to be a normal part of the ageing process 

(39, 43). As the lens ages, the new layers of lens fibres are added which compress the lens 

nucleus (43). Cortical cataracts start in the peripheral lens and then slowly move inward (39, 

43). These are common in people with diabetes (39). Posterior subcapsular cataracts are 

granular opacities at the back of the lens (39, 43). They progress quickly, tend to be associated 

with corticosteroid use and can be present in younger people (39, 43). These types of cataracts 

can occur in combination and affect either one or both eyes (43). 

 

1.8.4 Symptoms and diagnosis  

Generally, cataracts develop slowly and painlessly (39, 43). The vision loss associated with 

cataracts is often gradual and people with cataracts may be unaware of any change (39). 

Common complaints associated with cataracts are blurred vision or glare, reduced visual 

acuity, contrast sensitivity or colour appreciation, increasing short sightedness and double 
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vision (39, 43). One example of how a cataract can affect vision is seen in the colour and 

definition of work of the artist Monet, before and after cataract surgery, in Figure 1.2 (46).  

 

Cataracts are typically diagnosed by an optometrist or ophthalmologist after an assessment 

including medical history, measurement of visual acuity, assessment by direct 

ophthalmoscope, and typically a slit lamp examination (39, 47). The Lens Opacity Classification 

System III (LOCS III), published in 1993, is a standardised method commonly used to describe 

the severity of the cataract and can be used to monitor its progression (47, 48). This system 

grades nuclear opalescence and nuclear colour on a scale of 1 to 6 and cortical cataracts and 

posterior subcapsular cataracts on a scale of 1 to 5 (48). 

 

Figure 1.2: Monet’s water lily pond showing the effect of cataract on his work (49).  2A, 

Monet’s painting, Waterlilies, done with moderate cataract. 2B, The same image blurred as it 

would have appeared to Monet through the cataract. 2C, Monet’s painting, Morning With 

Weeping Willows, detail of left section, done after the cataract was removed. 
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1.8.5 Treatment 

Cataract surgery is the only approved treatment for cataracts (43). The natural lens of the eye 

is replaced with a synthetic intraocular lens. Phacoemulsification surgery is the preferred 

technique, during which a high-frequency ultrasonic probe is inserted through a small 3 mm 

incision in the cornea and the lens nucleus is emulsified inside the eye and lens fragments are 

aspirated through the same probe (41, 43). A new type of foldable intraocular lens is able to be 

inserted through the same incision (43). This method is associated with fewer complications 

and improved recovery compared to extracapsular cataract extraction, an older method, which 

requires a larger incision, removal of the lens nucleus and aspiration of the residual cortical 

lens material (43). In people with diabetes, there has been a shift to perform cataract surgery 

earlier, before lens opacities prevent a detailed fundus examination and thereby mask other 

diabetes-related eye complications (41). 

 

There is some evidence that aldose-reductase inhibitors may be effective in delaying cataract 

formation in preclinical studies (41). However, there are still no approved treatments for 

cataract prevention. In Australia, there is relatively easy access to ophthalmology services and 

cataract surgery is covered under the government Medicare scheme, although waiting times 

can be long. However, there is a significant cost associated with cataract, both to governments 

and to individuals (50). Access and affordability of cataract surgery varies globally (51), 

highlighting the need for additional treatment and prevention strategies. 

 

1.9 Diabetic retinopathy  

DR is a common complication of diabetes. It is damage to the retina at the back of the eye 

(Figure 1.1), typically characterised by microaneurysms, haemorrhages and exudates (52). It 

affects about one-third of people with type 2 diabetes and is the leading cause of preventable 
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blindness in working-aged people (53). In 2008, it was estimated that there were 93 million 

people with DR worldwide (54).   

 

1.9.1 Pathophysiology 

Many mechanisms contribute to DR development, primarily due to hyperglycaemia. One of the 

early responses to hyperglycaemia is blood vessel dilation and changes to blood flow (52). 

Pericyte apoptosis occurs in the presence of hyperglycaemia, leading to microaneurysms, the 

earliest clinical sign of DR (52). Hyperglycaemia also leads to vascular endothelial dysfunction 

through multiple pathways including oxidative stress, advanced glycation end-products, 

protein kinase C activation, inflammation, upregulation of the renin-angiotensin system, and 

accumulation of sorbitol through the polyol pathway (52, 53, 55). Vascular endothelial 

dysfunction leads to retinal ischaemia, vascular permeability and retinal neovascularisation 

(53). In response to retinal ischemia, vascular endothelial growth factor (VEGF) is over-

expressed which stimulates neovascularisation and increases vascular permeability (53). 

Vascular permeability leads to diabetic macular oedema, which in turn causes vision loss (52, 

53). Hypertension is another well-known risk factor for DR, which also contributes to 

endothelial dysfunction and vascular permeability (53). Neurodegeneration is also thought to 

be an important factor in the development of DR (52, 56). 

 

1.9.2 Diabetic retinopathy grading 

Typically, DR is graded as mild non-proliferative diabetic retinopathy (NPDR), moderate NPDR, 

severe NPDR or proliferative diabetic retinopathy (PDR) (53, 55). Mild NPDR is characterised by 

the presence of microaneurysms (53, 55). With increasing severity, there is an increase in the 

retinal lesions, becoming PDR when there is neovascularisation of retinal blood vessels (53, 

55). These new vessels are frail and prone to bleeding. Figure 1.3 shows the different levels of 

DR severity. There are a few approved grading systems including the Early Treatment Diabetic 

Retinopathy Study (ETDRS) protocol (57), which is an older but still widely used grading system 
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and the newer International Clinical Disease Severity Scale for DR, which is based on the ETDRS 

grading system (58). 

 

 

 

Figure 1.3: Levels of diabetic retinopathy severity 

Abbreviations: DR: diabetic retinopathy, NPDR: non-proliferative diabetic retinopathy, PDR: 

proliferative diabetic retinopathy 

 

1.9.3 Screening 

DR is often asymptomatic until vision loss, which only occurs in the later stages (52, 53, 55). 

When DR is detected and treated early, vision loss can be prevented (55). Therefore, people 

with diabetes are encouraged to undergo regular ophthalmic screening for DR (53, 55, 59). 

Screening programs for DR are generally considered to be cost-effective and have been shown 

to reduce blindness (55, 59, 60). Screening can be performed by slit lamp examination by an 

ophthalmologist, which is not always feasible, and/or retinal photography (53, 55). Retinal 
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photography is very common and especially useful in telemedicine as it can be performed by 

technicians or nurses and transmitted to trained graders for assessment (53, 55). In Australia, 

the guidelines for the frequency of DR vary dependent on risk factors (59). Every person with 

diabetes should have an eye examination at the time of diabetes diagnosis and then biennially, 

unless they are at a higher risk (59). Annual screening is recommended for Indigenous 

Australians, people from non-English speaking backgrounds, those with longer diabetes 

duration, poor glycaemic control, hypertension, dyslipidaemia or renal disease (59). If any 

NPDR is detected, either annual or 3-6 monthly screening is recommended, depending on the 

severity (59).  

 

1.9.4 Prevention  

The most well-known risk factors for DR are hyperglycaemia and hypertension, so it follows 

that glycaemic control and management of hypertension are the main prevention strategies. 

Two key trials, the Diabetes Control and Complications Trial (DCCT) and the United Kingdom 

Prospective Diabetes Study (UKPDS) have shown that tighter glycaemic control reduces the risk 

and progression of DR (61, 62). Tight glycaemic control in early diabetes has been shown to 

have a lasting effect on DR prevention. DCCT participants who were randomised to intensive 

diabetes treatment had a 72-87% reduced risk of DR progression compared to those who were 

managed with conventional therapy, four years after the end of the trial, despite increasing 

HbA1c levels (63). The UKPDS also showed that blood pressure control can reduce the risk of DR 

progression (64).  Other trials on antihypertensive agents have also shown benefit for DR risk 

or progression, and agents that target the renin-angiotensin system may be superior to other 

antihypertensive agents (65-68).  

 

The role of dyslipidaemia in the development and progression of DR is not well established, 

with some studies showing no effect, some an increased risk and others a protective effect 

(69). The clinical trials assessing the effects of fenofibrate on DR are perhaps the most 
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consistent evidence for the association between lipids and DR, as discussed in Section 1.9.5. 

Despite the evidence showing benefit from management of these clinical risk factors, the 

Wisconsin Epidemiology Study of Diabetic Retinopathy (WESDR) suggests that HbA1c, blood 

pressure and total cholesterol accounted for only about 10% of the variability in risk of DR (70, 

71). Further research is required into novel DR prevention strategies beyond management of 

these conventional clinical risk factors. 

 

1.9.5 Treatment  

The main treatment options for DR are fenofibrate, laser and intraocular anti-VEGF agents. 

Fenofibrate is a peroxisome proliferator activated-receptor alpha agonist which main action 

lowers triglycerides levels (72, 73). While primarily used for dyslipidaemia treatment, in 2013 

Australia was the first country to approve its use for slowing DR progression (72). Two clinical 

trials, the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) and the Action to 

Control Cardiovascular Risk in Diabetes (ACCORD) studies both showed that fenofibrate was 

protective against DR progression (74, 75). However, the lipid effects of fenofibrate were not 

found to be responsible for the protective effects against DR presence or progression (74, 75). 

The mechanism by which fenofibrate reduces DR progression is complex and not yet fully 

understood, but thought to involve increasing apolipoprotein A-I, which is protective against 

DR, and regulating intra-retinal lipid metabolism, reducing lipid deposition and lipotoxicity 

(72). 

 

Panretinal laser photocoagulation has been the gold standard for the treatment of PDR for 

many decades (52, 55). Other forms of laser, such as grid/focal laser tend to be used to treat 

diabetic macular oedema (52, 53). For panretinal laser photocoagulation, the aim is to place 

burns over the entire retina except for the central macula (53). While its mechanism is not fully 

understood, laser is thought to directly close leaking microaneurysms, decrease the retinal 

blood flow associated with reduced retinal tissues, improve oxygenation and stimulate the 
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retinal pigment epithelium (52, 55). However, it is destructive and may cause permanent 

damage to retinal cells (52). The side-effects include induction of scotoma, enlargement of 

laser scars and secondary neovascularisation (55). Laser does not tend to reverse vision loss, it 

preserves current vision and prevents blindness (55). It is not considered a beneficial 

treatment for early stages of DR (53). 

 

The development of anti-VEGF therapy has drastically changed the management of diabetic 

macular oedema and is also an alternative treatment to panretinal laser photocoagulation for 

people with PDR (52, 55). There are three main agents, ranibizumab, bevacizumab and 

aflibercept (55). A clinical trial has shown that ranibizumab was not inferior to panretinal laser 

photocoagulation for PDR (76). Another trial showed aflibercept was associated with better 

visual outcomes than panretinal laser photocoagulation as treatment for PDR (77). This 

treatment is administered as an intraocular injection by an ophthalmologist. It is very costly 

and has a short half-life which means patients need regular, typically monthly, appointments 

for these injections (52, 55). 

 

1.9.6 Diabetic macular oedema 

Diabetic macular oedema is the swelling of the macula, due to breakdown of the blood-retinal 

barrier (52, 53, 78). The exudative fluid accumulation leads to central vision loss (55, 78). 

Diabetic macular oedema affects about 20 million people worldwide (78). It can occur at any 

stage of DR, although it is more likely to occur with more severe DR (78). The pathophysiology 

and risk factors for macular oedema is similar to that of DR (78). Treatment for macular 

oedema is also similar to DR, including laser and anti-VEGF agents, as mentioned in section 

1.9.5 (55, 78). 
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1.10 Optical coherence tomography angiography 

Optical coherence tomography angiography (OCTA) is a new imaging technique which non-

invasively captures data about blood flow at the back of the eye (79, 80). OCTA uses motion 

contrast imaging to generate angiogram-like images of the retinal blood flow within seconds 

(80). It compares the differences in the backscattered optical coherence tomography (OCT) 

signal intensity between sequential OCT b-scans taken at the same cross-section to capture the 

movement of red blood cells (79). The imaging speeds needed for OCTA are higher than those 

required for standard OCT (79). 

 

OCTA may be useful for the evaluation of many different types of retinal diseases, including DR 

(79, 80). OCTA has been shown to be useful in detecting areas of non-perfusion and 

neovascularisation (81). Using OCTA, lower retinal vessel density has been detected in people 

with diabetes without clinical signs of DR, suggesting OCTA could potentially detect pre-clinical 

DR (82). Figure 1.4 shows differences in retinal vessel density of OCTA images based on 

different levels of DR severity.  

 

Although additional research is required, OCTA may replace the need for fluorescein 

angiography. Flourescein angiography is the current gold standard for diagnosing retinal 

conditions but is invasive, requiring an intravenous injection of dye that is not always tolerated 

well (80). OCTA is quicker than fluorescein angiography and can differentiate between 

superficial and deep capillary complexes, which cannot be visualised separately with 

fluorescein angiography (80). One study has shown OCTA superior in detecting DR 

abnormalities, but noted that fluorescein angiography was better to detect microaneurysms 

(83).  
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Figure 1.4: Optical coherence tomography angiography images of people with increasing DR 

severity, graded from fundus photography 

Abbreviations: DR: diabetic retinopathy, NPDR: non-proliferative diabetic retinopathy, PDR: 

proliferative diabetic retinopathy 

 

1.11 Aims and summary of chapter contents 

The overarching aim of this thesis was to increase our understanding of the risk factors 

associated with ocular complications in people with type 2 diabetes, from cataracts which 

affect the lens at the front of the eye to DR which affects the back of the eye. The work in this 

thesis has been submitted for publication or has been published, and is presented in the 

format required for submission or as published, hence the formatting is not consistent. Most 

studies in this thesis are based on data from the Fremantle Diabetes Study Phase II (FDS2). I 

worked as a Research Nurse on the FDS2 from 2013 to the end of participant visits in 2017. 

Additionally, a sample of FDS2 participants were invited to take part in a sub-study which 

forms a main part of this thesis. Chapter 2 discusses the methods used in these studies.  

 

Chapter 3 comprises a published systematic review on the risk factors for cataract in people 

with type 2 diabetes. This leads on to the work in Chapter 4 comparing the incidence of 

intraocular lens implantation, as a surrogate marker of clinically significant cataract 

development, in people with type 2 diabetes to people without diabetes. The predictors of 

intraocular lens implantation are also investigated.  
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After Chapter 4, this thesis focuses on DR. Chapter 5 assesses the differences in the 

prevalence, severity and progression of DR between Anglo-Celt and Aboriginal Australians with 

type 2 diabetes. Chapter 6 is a published paper determining whether DR is a risk factor for 

stroke and myocardial infarction. Chapters 4 to 6 use data from FDS2.  

 

Chapter 7 is a published systematic review on the association between DR and carotid artery 

disease. This work leads on to the sub-study in which a sample of FDS2 participants attended 

an additional assessment in order to better understand this relationship. Chapter 8 is a study 

examining the association between carotid disease and DR. This is extended in Chapter 9 in 

which the relationship between carotid arterial disease and OCTA parameters, as markers of 

early retinal microvascular disease, is explored. Chapter 10 also uses the sub-study data and 

determines how much people with type 2 diabetes know about ophthalmic complications in 

type 2 diabetes, and what factors are associated with better knowledge. 

 

Chapter 11 is the final investigative chapter and uses data from FDS2 to determine whether a 

validated biomarker panel used to predict future diabetic kidney disease is useful for 

predicting DR.  

 

The final chapter, Chapter 12, discusses the overall findings, strengths, limitations and 

implications of this research. 
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CHAPTER 2: METHODS 

The data used in this thesis are from the Fremantle Diabetes Study Phase II (FDS2) and a 

subgroup of these participants. This chapter details the study design and methods utilised in 

these studies. Additionally, the methods common to the two systematic literature reviews are 

described. 

 

2.1 FDS2 study design 

FDS2 is a representative, community-based, longitudinal, observational cohort study. 

Participants were recruited between February 2008 and June 2011 from a post-code defined 

area surrounding Fremantle Hospital with a population of approximately 157,000 people. The 

inclusion criteria required participants to have been diagnosed with diabetes, apart from 

gestational diabetes, and to live within the catchment area. Every effort was made to identify 

all people living with diabetes within this area using multiple sources including hospital lists, 

general practitioners, specialists, allied health services, pharmacies, advertisements and word 

of mouth. There were 4,784 participants identified as living with diabetes in this area, of whom 

1,668 (34.9%) were recruited (1). Additionally, there were 168 people who had participated in 

the Fremantle Diabetes Study Phase I, but had moved out of the catchment area, who were 

also invited to participate. Of these, 64 (38.1%) participated, giving a total of 1,732 participants 

recruited to FDS2 (1). Those recruited were similar in terms of age, sex and diabetes type 

compared to those identified as eligible but not recruited (1). Participants attended a 

comprehensive biennial face-to-face assessment for up to six years, with a postal 

questionnaire interspersed between visits. 

 

2.2 FDS2 ethical approval 

FDS2 was approved by the South Metropolitan Area Health Service Human Research Ethics 

Committee (Project number: 2007-397-1). All subjects gave written consent before 

participating. The study conformed to the principles of the Declaration of Helsinki. Participants 
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were informed that the study was voluntary and that they could withdraw at any time. 

Participants were sent a report of their clinically relevant results after review by the principal 

investigator (Professor Timothy Davis), and a copy was also forwarded to their general 

practitioner and/or their specialists with their consent. All participant information was kept 

confidential and computer data were appropriately protected, in keeping with good clinical 

practice standards. 

 

2.3 FDS2 face-to-face assessments 

At the biennial assessments participants underwent a comprehensive standardised assessment 

including an interview and a number of questionnaires, physical examination and venous 

blood and first-morning urine collection, in a single visit. 

 

2.3.1 Interview and questionnaires 

The interview was conducted by trained interviewers to ascertain information about: 

 Demographics: Date of birth, sex, marital status, country of birth/parents’ birth, ethnic 

background, language normally spoken at home, English fluency, highest education 

level attained, employment status, occupation, household income bracket, number of 

people in household and type of residence, private health insurance status, health care 

cards or concession cards and if/when safety nets were attained  

 Diabetes history and management: Date of diabetes diagnosis, who diagnosed the 

participant’s diabetes, symptoms at time of diagnosis, type of diabetes, females were 

asked if they had ever been diagnosed with gestational diabetes, family history of 

diabetes, diabetes treatment, whether participants monitored their blood glucose and 

how frequently, presence of any diabetes complications, frequency and severity of 

hypoglycaemia, frequency of general practitioner, hospital outpatient, specialist and 

allied health appointments related to diabetes care and complication screening 



33 
 

including diabetes education, dietetics, optometry/ophthalmology, podiatry and 

dental care 

 Availability of care: Access and transport to general practitioner, hospital and 

specialists, need for health care assistance at home for diabetes management or other 

duties such as meals or chores, and financial constraints preventing access to medical 

appointments, treatment and/or glycaemic monitoring 

 Medical history: current and past medical conditions, smoking status, alcohol intake, 

vaccination status for pneumonia and influenza, allergies and current medications 

 

Participants were asked to complete a range of questionnaires including: 

 Patient health questionnaire (PHQ-9) to assess depression (2) 

 Generalised anxiety disorder scale (GADS) to assess generalised anxiety disorder (3) 

 Short form health survey -12 item (SF-12) to assess health status (4) 

 

2.3.2 Physical assessment 

The physical assessment was performed by registered nurses according to the study protocol 

and included: 

 Anthropometry: Height, weight, waist circumference, hip circumference and body fat 

percentage 

 Ophthalmic assessment: Visual acuity was measured at a distance of 3m in a well-lit 

room using a Bailey-Lovie chart and single-field colour fundus photographs (field of 

view 45°)  performed using a non-mydriatic retinal camera (Canon CR-DGi, Tokyo, 

Japan) 

 Cardiovascular assessment: Supine and erect blood pressure, heart rate, auscultation 

of carotid arteries for carotid bruits, assessment of autonomic neuropathy and skin 

autofluorescence were performed. A 12-lead ECG was taken. One half of all FDS2 

participants were selected at random for measurements of arterial stiffness and 
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central blood pressure using the SphygmoCor CvMS (Version 9, Atcor Medical, West 

Ryde, Australia) system 

 Foot assessment: The peripheral pulses on each foot were palpated, ankle brachial 

index (ABI) calculated and foot appearance, reflexes and sensation were assessed 

according to the Michigan Neuropathy Screening Instrument clinical portion (5) 

 Lung function was evaluated by spirometry according to American Thoracic Society 

standards (6) 

 

2.3.3 Blood and urine collection 

Participants were asked to attend study visits after fasting >10 hours overnight for collection of 

fasting serum glucose, HbA1c, full blood count, liver function tests, serum lipid profile, urinary 

albumin and creatinine, estimated glomerular filtration rate (eGFR), serum urea and 

electrolytes and serum uric acid. DNA was also extracted and stored. These samples were 

centrifuged on site as necessary and then processed on the same day of collection, at a single, 

nationally accredited laboratory, PathWest Laboratory Medicine at Fremantle Hospital. 

Aliquots of serum, plasma and urine were also stored at -80°C for additional future analyses. 

 

2.4 Data linkage 

All the FDS2 participants were matched based on age, sex and postcode to four de-identified 

people without diabetes using the West Australian electoral roll or Registry for Births for 

participants <18 years old at study entry. As voting in Australia is compulsory, all adult 

residents should be on the electoral roll. The Hospital Morbidity Data Collection and the 

Registry for Births, Deaths and Marriages capture all the hospitalisations and deaths within 

Western Australia. We accessed these data for both the FDS2 participants and the matched 

cohort without diabetes through the West Australian Data Linkage System. Follow-up was until 

the end of December 2016. 
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2.5 FDS2 diabetic retinopathy grading 

The retinal images taken at each biennial FDS2 study visit were used to determine diabetic 

retinopathy (DR) status and severity. The baseline retinal photographs were collated and sent 

to be graded by a single external grader, accredited by the Centre for Eye Research at the 

University of Melbourne. These baseline images were categorised using the modified Airlie 

House Classification system for the Early Treatment Diabetic Retinopathy Study (ETDRS). From 

these DR was classified as none, mild non-proliferative diabetic retinopathy (NPDR), moderate 

NPDR and severe NPDR or proliferative diabetic retinopathy. In cases where the fundus 

photographs were not done or were ungradable, additional information was sought from 

hospital records, optometrists and ophthalmologists. Unfortunately, the grader who 

performed the baseline DR grading was unable to complete the DR grading for the follow-up 

visits. Therefore, the follow-up fundus photographs were sent to be assessed independently by 

an ophthalmologist, who classified DR severity using the same system that was used at 

baseline. Additionally, a second ophthalmologist also graded a randomly selected sample of DR 

images to ensure inter-rater agreement. There was moderate agreement (kappa = 0.39, 

P≤0.001). In all cases where there was disagreement, a consensus grade was obtained. 

 

2.6 Macrovascular disease and diabetic retinopathy: A FDS2 sub-study 

A sub-group of FDS2 participants were invited to attend a sub-study to assess the association 

between macrovascular disease and DR after they had completed their last (Year 6) 

assessment. Those participants who had undergone the SphygmoCor testing in FDS2, had type 

2 diabetes and had attended the last study visit were eligible. Of 360 eligible participants, 273 

(75.8%) were recruited, who then attended a single study visit between May 2018 and May 

2019. This sub-study was approved by the South Metropolitan Area Health Service Human 

Research Ethics Committee (Project number: RGS0000000805), was conducted according to 

the ethical guidelines of the Declaration of Helsinki and all participants provided written 
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informed consent. Similar to FDS2, participants were sent a copy of their results, and a copy 

was sent to their general practitioner and/or specialist, with their consent. 

 

The sub-study visit was similar to that of FDS2 also comprising an interview and 

questionnaires, a physical assessment and blood and urine collection. The interview was 

condensed compared to that of FDS2, focussing on diabetes management, complications, past 

medical history, lifestyle and current medications. Participants were asked to complete two 

questionnaires, a knowledge questionnaire to assess their knowledge of diabetic eye 

complications (see Chapter 10) and the National Eye Institute (NEI) Visual Functioning 

Questionaire-39 (version 2000 self-administered format) to assess vision-related quality of life 

(7). The physical assessment differed from FDS2 in that it did not include spirometry. 

Additionally, a carotid ultrasound was performed and the ophthalmic assessment was more 

comprehensive. The procedure for taking blood and urine samples and tests requested were 

the same as FDS2, but DNA was not collected. 

 

2.6.1 Carotid ultrasounds 

Carotid ultrasounds were performed using the IU22 system with a 3.0-9.0MHz linear 

transducer (Philips Healthcare, North Ryde, Australia). The transducer was applied to each side 

of the neck, while patients were in the supine position. All the scans were reviewed by a 

sonographer, with additional oversight from a neuroradiologist. Figure 2.1 shows a participant 

undergoing a carotid ultrasound which involved measurement of the intima-media thickness at 

the bifurcation and in the common carotid artery on both right and left sides, and assessment 

for the presence and degree of stenosis. Figure 2.2 shows an ultrasound image of a participant 

with stenosis. The methods for performing the carotid ultrasound are discussed in more detail 

in Chapters 8 and 9.  



37 
 

 

Figure 2.1: A study participant undergoing a carotid ultrasound 

 

Figure 2.2: A carotid ultrasound image showing stenosis at the carotid bifurcation on the left 

side 

 

2.6.2 Ophthalmic assessment 

Ophthalmic assessment included visual acuity measured on an ETDRS chart at a distance of 4 

m (see Figure 2.3). Axial length was assessed using the Carl Zeiss IOLMaster 500 (Zeiss, 

Oberkochen, Germany). Single-field colour and autofluorescence fundus photographs (field of 

view 45°) were performed using a non-mydriatic camera (Canon CR2-AF, Tokyo, Japan). OCTA 
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was performed using the RTVue XR3 Avanti (Optovue, Fremont, USA). Participants’ pupils were 

dilated using tropicamide prior to fundus photography and OCTA.  

 

For both retinal photography and OCTA, the participant was asked to sit and rest their chin on 

the instrument’s chin rest with their forehead applied to a horizontal bar. The height of the 

chin rest and the table were then adjusted to allow images to be collected optimally with the 

participant in a comfortable position. The participant was asked to focus on a light while the 

machine was aligned with the participant’s eye to obtain a satisfactory image. Figure 2.4 shows 

a participant having an OCTA scan. In analysis, the 3 mm x 3 mm macula scans were used. To 

ensure adequate quality of OCTA scans, those with a software-generated Scan Quality of <6/10 

were excluded. OCTA parameters assessed included the parafoveal vessel density of the deep 

and superficial capillary plexus, the vessel density of the 300 μm ring surrounding the foveal 

avascular zone, the foveal avascular zone area, full retinal thickness of the parafovea and the 

flow area in the choriocapillaris. Figure 2.5 shows an example of results from an OCTA scan.  

 

The ophthalmic assessment was reviewed by a single experienced ophthalmologist who was 

blinded to other participant data. DR was assessed from the colour fundus photographs 

according to the International Clinical Disease Severity Scale for DR (8). The ophthalmic 

assessment is discussed in more detail in Chapters 8-10. 
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Figure 2.3: The ETDRS chart used for assessing visual acuity 

 

 

Figure 2.4: A participant undergoing an OCTA scan
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Figure 2.5: A participant’s OCTA results showing vessel density of the deep capillary plexus 
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2.7 Statistical methods 

Statistical analyses were conducted using SPSS for Windows (Version 25.0, IBM Corp, Armonk, 

NY, US) and Stata (Version 15.1, Stat Corp, College Station, Texas, US). There are a few 

common statistical methods used throughout this thesis. Typically, data are presented as 

percentages, mean±SD, geometric mean (SD range) or median [interquartile range]. Standard 

bivariable analyses were used with further relevant detail provided in each study chapter. A 

two-tailed significance level of P<0.05 was used throughout the thesis. Incidence rates, 

incidence rate ratios and/or prevalence were calculated for outcomes of interest including 

intraocular lens implantation, DR presence and progression, stroke and myocardial infarction 

events and carotid disease. 

 

When performing multivariable modelling, variables that were clinically relevant or with 

P<0.20 in the bivariable analysis were considered for model entry. The most parsimonious 

model was generated, which included all variables that were statistically significant. Then the 

variable of interest for each study was added to the most parsimonious model to see if it 

added significantly. This statistical method shows whether the variable of interest is 

independently associated with the outcome, after adjusting for other significant confounders. 

Different multivariable models were used throughout this thesis: 

 For studies that were assessing predictors and where dates of the events of interest 

(intraocular lens implantation, stroke and myocardial infarction) were known, Cox 

proportional hazards modelling (Chapter 4 and 6) and in one study Fine and Gray 

modelling (Chapter 4), to adjust for the competing risk of death, were used 

 Logistic regression analysis was used to assess if Aboriginal ethnicity was 

independently associated with DR presence, severity and/or progression and whether 

proteomic biomarkers were independently associated with DR presence, severity 

and/or progression (Chapters 5 and 11) 
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 The generalised estimating equation extension of generalised linear modelling was 

used to determine the association between carotid disease and DR and between 

carotid disease and OCTA parameters (Chapters 8 and 9), as both eyes of participants 

could be included in analysis 

 Linear regression analysis was used in Chapter 10 to assess whether ophthalmic 

complications were independently associated with the score from the knowledge 

questionnaire on ophthalmic complications 

 

2.8 Methods used in systematic literature reviews 

For both systematic literature reviews the Preferred Reporting Items for Systematic Review 

and Meta-Analysis (PRISMA) guidelines were followed (9). For each review a detailed protocol 

was developed and followed. Specific search terms were used and inclusion and exclusion 

criteria for studies were specified. The search for each review was conducted by two 

reviewers, independently. The required data from each included study was entered into a 

spreadsheet, with predetermined fields relevant to the respective topic, by each reviewer and 

then compared for consistency. Any discrepancies were discussed between the two reviewers 

and all of these were resolved when the reasons for the differences were explained. A third 

party was available to make a final decision, but this was not required. The Cochrane 

handbook guidelines were followed to assess risk of bias of the included studies (10). The data 

from included studies were then summarised and conclusions drawn. Further details of these 

methods are reported in Chapters 3 and 7. 
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CHAPTER 3: A SYSTEMATIC REVIEW OF RISK FACTORS FOR CATARACT IN 

TYPE 2 DIABETES 

 

This chapter comprises a systematic review which seeks to identify which factors contribute to 

cataract development in people with type 2 diabetes. This work was published in Diabetes 

Metabolism Research and Reviews: Drinkwater JJ, Davis WA, Davis TME. A systematic review 

of risk factors for cataract in type 2 diabetes. Diabetes Metabolism Research and Reviews. 

2019;35:e3073. It is presented in the published format.  
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CHAPTER 4: INCIDENCE AND DETERMINANTS OF INTRAOCULAR LENS 

IMPLANTATION IN TYPE 2 DIABETES: THE FREMANTLE DIABETES STUDY 

PHASE II 

 

This work in this chapter seeks to determine the difference in incidence of intraocular lens 

implantation for cataract surgery in people with and without type 2 diabetes and identify 

which factors contribute to cataract development in people with type 2 diabetes. This work 

was published in Diabetes Care: Drinkwater JJ, Davis TME, Turner AW, Bruce DG, Davis WA. 

Incidence and determinants of intraocular lens implantation in type 2 diabetes: The Fremantle 

Diabetes Study Phase II. Diabetes Care. 2019;42(2):288-296. It is presented in the published 

format. The Supplementary Material from this paper are shown in Appendix A. 
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