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CHAPTER 9: CAROTID DISEASE AND RETINAL OPTICAL COHERENCE 

TOMOGRAPHY ANGIOGRAPHY PARAMETERS IN TYPE 2 DIABETES: THE 

FREMANTLE DIABETES STUDY PHASE II 

 

After showing the association between carotid disease and diabetic retinopathy in Chapter 8, 

this study in this chapter assesses the association between carotid disease and retinal vessel 

density, further characterising the association between microvascular and macrovascular 

disease in type 2 diabetes. This chapter contains work that has been published by Diabetes 

Care: Drinkwater JJ, Chen FK, Brooks, AM, Davis BT, Turner AW, Davis TME, Davis WA. Carotid 

disease and retinal optical coherence tomography angiography parameters in type 2 diabetes: 

The Fremantle Diabetes Study Phase II. Diabetes Care. 2020;43(12):3034-41 It is presented 

here in the published format. Supplementary material from this submission are shown in 

Appendix D. 
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CHAPTER 10: KNOWLEDGE OF OCULAR COMPLICATIONS OF DIABETES IN 

COMMUNITY-BASED PEOPLE WITH TYPE 2 DIABETES: THE FREMANTLE 

DIABETES STUDY II 

 

As diabetic retinopathy is a common complication of diabetes, the work in this chapter seeks 

to determine how much people with type 2 diabetes know about ocular complications of 

diabetes. This work has been accepted for publication by Primary Care Diabetes and is in press: 

Drinkwater JJ, Chen FK, Davis WA, Davis TME. Knowledge of ocular complications of diabetes in 

community-based people with type 2 diabetes: The Fremantle Diabetes Study II. Primary Care 

Diabetes. 2021;S1751-9918(21)00008-5. It is presented here in the published format. 
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CHAPTER 11: ASSESSMENT OF BIOMARKERS ASSOCIATED WITH RAPID RENAL 

DECLINE IN THE DETECTION OF RETINOPATHY AND ITS PROGRESSION IN TYPE 

2 DIABETES: THE FREMANTLE DIABETES STUDY PHASE II 

 

The study in this chapter determines whether biomarkers associated with renal decline in people 

with type 2 diabetes are also associated with diabetic retinopathy. This work has been published in 

Journal of Diabetes and Its Complications: Drinkwater JJ, Peter K, Davis WA, Turner AW, Bringans SD, 

Lipscombe RJ, Davis TME. Assessment of biomarkers associated with rapid renal decline in the 

detection of retinopathy and its progression in type 2 diabetes: The Fremantle Diabetes Study Phase 

II. Journal of Diabetes and Its Complications. 2021;35(4):107853. It is presented here in the 

published format. 
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CHAPTER 12: OVERVIEW AND RECOMMENDATIONS FOR FUTURE RESEARCH  

 

12.1 Overview of main findings 

Ophthalmic complications of diabetes, including cataract and diabetic retinopathy (DR), are ranked 

amongst the leading causes of vision loss and blindness (1, 2). This is a disproportionate contribution 

since diabetes affects only 9% of the world’s population (3). As the prevalence of diabetes is 

increasing worldwide (3), it is important to understand more about the risk factors underlying its 

complications in order to improve prevention and management strategies. The studies reported in 

this thesis have focussed on the risk factors associated with cataract and DR, and have provided 

further evidence of the association between microvascular and macrovascular complications in type 

2 diabetes. 

 

A systematic review of the risk factors associated with cataracts in type 2 diabetes, presented in 

Chapter 3, showed that there is a lack of modifiable risk factors that are consistently associated with 

cataract. In fact, the only one was glycaemic control. Age was consistently associated with cataracts, 

but blood pressure, diabetes duration, sex and aspirin use were not, and the associations with serum 

lipids and smoking were inconsistent. When using data from the Fremantle Diabetes Study Phase II 

(FDS2), as in Chapter 4, age at study entry, diabetes duration, serum HDL cholesterol, serum 

triglycerides, a severe hypoglycaemic episode in the past year, and both Asian and southern 

European ethnicity increased the risk of cataract surgery in people with type 2 diabetes. Those of 

Asian and southern European ethnicity potentially have a genetic predisposition to developing 

cataracts. Alternatively, ethnicity could be a surrogate marker for level of education or some other 

unmeasured risk factor contributing to cataracts. When comparing the rate of cataract surgery in 

people with and without diabetes, people with diabetes had a higher crude incidence rate ratio of 

1.50 (95% CI: 1.32, 1.71). The incidence rate ratio was much higher in the younger people with 

diabetes. Those with diabetes in the 45-54 year age-group had a 7 times higher incidence rate of 
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cataract surgery than those without diabetes, whereas those with diabetes aged 75-84 years had a 

32% higher incidence rate of cataract surgery than those without diabetes. Taken together, this work 

suggests that the effect of type 2 diabetes on cataract development is greater in younger people and 

that lipid-modifying treatments and strategies to manage hyperglycaemia, while avoiding severe 

hypoglycaemia, may be beneficial as cataract prevention strategies. 

 

Aboriginal Australians have a higher rate of both diabetes and its chronic complications (2, 4). 

However, there are few data on DR prevalence and progression in Aboriginal Australians living in 

urban populations. The study in Chapter 5 showed that Aboriginal participants had significantly 

higher odds of any DR, moderate non-proliferative diabetic retinopathy (NPDR) or worse at baseline 

and new or worsening DR during follow-up than Anglo Celts, after adjusting for age and sex. After 

additional adjustment for other known risk factors for DR, the Aboriginal participants had almost a 6-

fold higher odds ratio of moderate NPDR or worse than Anglo-Celts, but Aboriginality was no longer 

associated with any DR at baseline or new or worsening DR during follow-up. Poorly controlled 

modifiable risk factors including hyperglycaemia and hypertension appear to contribute to the 

excess burden of DR prevalence and progression in Aboriginal people. The results also suggest that, 

once DR has developed, there is some additional ethnic-specific factor (or factors) which increases 

DR severity in Aboriginal Australians. It is important to note that a lesser proportion of Aboriginal 

participants had follow-up data so there is likely selection bias, potentially underestimating the 

difference in new or worsening DR between the two ethnic groups. Aboriginal Australians need 

improved diabetes management, including DR screening, possibly through better access to culturally 

appropriate health care.  

 

Aboriginal Australians face many internal and external barriers when accessing mainstream health 

care, including discrimination, racism and distrust of the service (5, 6). Mainstream services work 

within socially constructed norms which do not tend to align with the values of the Aboriginal 
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communities (5). Mainstream services tend to work on a biomedical model, while Aboriginal people 

need more holistic health care (5). Community acceptance is vital for Aboriginal people to seek and 

engage with health care services, and therefore Aboriginal health care workers are essential in 

providing culturally appropriate care (5, 6). Aboriginal health care workers tend to have a greater 

sense of ownership and meet more of the community needs, including the social determinants of 

health, than the mainstream services (5, 6). Aboriginal Australians need better access to Aboriginal 

health care services in urban areas, in particular to meet the need for appropriate diabetes 

management. 

 

The association between macrovascular and microvascular complications of diabetes was assessed 

in the studies presented in Chapters 6-9. The data in Chapter 6 showed that people with type 2 

diabetes and at least moderate NPDR have a 2.55 (95% CI 1.19, 5.47) times higher risk of stroke 

during a mean 6.6 years of follow-up than those with type 2 diabetes and no DR or mild NPDR, after 

adjustment for other risk factors. DR presence and severity was associated with myocardial 

infarction in unadjusted models, but were not statistically significant in multivariable models. These 

results suggest an independent relationship between retinal microvascular disease and cerebral, but 

not other regional, macrovascular damage (7).   

 

As carotid arterial disease often precedes stroke events (8), the association between carotid arterial 

disease and DR was investigated. The carotid artery supplies blood to the eye and so it is clinically 

plausible that carotid disease could disrupt blood flow to the eye and contribute to DR. The 

systematic review in Chapter 7 showed that, although many studies have investigated the 

association between DR and carotid disease, the results have been inconsistent. Previous studies 

comprised mostly clinic-based populations and were not representative of the general population 

living with diabetes, so this association was examined in a subgroup of community-based FDS2 

participants in Chapter 8. The study determined that common carotid artery thickness ≥1 mm was 
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associated with almost a 3-fold increased odds ratio of DR. Interestingly, arterial stiffness was also 

strongly and independently associated with DR, suggesting an effect early in the development of 

atherosclerosis. Additionally, arteriosclerosis and thus increased stiffness can damage the 

microvasculature it supplies (9), and it appears to be a shared risk factor for both microvascular and 

macrovascular disease (9, 10).  

 

To further characterise the association between microvascular and macrovascular complications, the 

study in Chapter 9 showed, for the first time, that measures of carotid disease were independently 

associated with OCTA retinal vessel density parameters. Both carotid stenosis and greater common 

carotid intima-media thickness were associated with lower parafoveal vessel density in the deep 

capillary plexus. Additionally, higher bifurcation intima-media thickness was associated with lower 

vessel density in the 300 μm ring surrounding the foveal avascular zone. These studies clearly show 

that there is an association between carotid disease and the retinal microvasculature. In Chapters 8 

and 9, contralateral carotid disease variables were also associated with retinal microvascular 

damage, suggesting shared risk factors are likely. It is also possible that the blood flow to the eye is 

influenced by macrovascular disease in the collateral circulation. Taken together, these observations 

provide further evidence of a significant association between carotid disease and the retinal 

microvasculature and suggest that retinal microangiopathy may be prevented or delayed by 

appropriately intensive cardiovascular risk management. 

 

As knowledge is a known barrier to attending ophthalmic screening (11), the knowledge of ocular 

complications in people with type 2 diabetes was assessed in Chapter 10. Participants tended to be 

aware that diabetes can affect the eye and lead to blindness, but few were aware the Australian DR 

screening recommendations were dependent on risk factors. Knowledge was not significantly 

associated with vision-related quality of life. Those who had better knowledge were younger, were 

educated beyond primary school, and were more likely to have at least moderate NPDR or worse. It 
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is possible that people with diabetes tend to learn more about eye complications once they have 

developed them. Additional diabetes education specific to ophthalmic complications may be 

beneficial for people with type 2 diabetes, especially if they are older, less well educated and/or 

have no or mild NPDR. 

 

As there are few prevention strategies and treatment options for DR, discovery of new biomarkers 

may be useful to determine those at higher risk of developing DR. Candidate biomarkers can 

contribute to understanding the pathophysiology of DR and to the development of new treatment 

options (12). The FDS2 investigators in collaboration with Proteomics International developed a 

biomarker test, PromarkerD, which predicts chronic kidney disease in people with type 2 diabetes 

(13-16). Nephropathy and DR have many shared risk factors, including the accumulation of advanced 

glycation endproducts, perturbations in the polyol pathway and renin-angiotensin aldosterone 

system, and upregulation of vascular endothelial growth factor (VEGF) (17, 18). Since these two 

complications have many shared risk factors, the study in Chapter 11 describes whether the 

PromarkerD test, or its component proteins, were associated with DR prevalence, progression 

and/or incidence. One individual protein, apolipoprotein A-IV was independently associated with 

moderate NPDR at baseline but not DR incidence or progression. Although PromarkerD successfully 

identifies risk of diabetic kidney disease, it was not useful for identifying those at risk of DR. This 

suggests that despite the similarities between diabetic nephropathy and DR, different 

pathophysiological mechanisms underlie these complications. 

 

12.2 Overall strengths and limitations 

The overall strengths of the studies include the large size of the FDS2 and its representative nature 

suggesting that the results are generalisable. In addition, participants underwent comprehensive 

assessments enabling adjustment for many potentially confounding variables in statistical analysis. 

Limitations include that the sub-study on macrovascular disease and DR recruited a survivor cohort, 
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with potential bias towards the null hypothesis as a result. Additionally, the sub-study was cross-

sectional and not longitudinal and thus the direction of the associations between carotid disease and 

DR, and carotid disease and OCTA variables, cannot be established. DR status was ascertained at 

each face-to-face FDS2 visit but participants did not have carotid ultrasounds performed as part of 

the physical assessment. This meant that, although there were historical data for the sub-study 

participants, baseline carotid disease status could not be ascertained and therefore a longitudinal 

analysis could not be performed to determine the direction of this association. The studies in this 

thesis focussed on cataracts and DR, two of many ophthalmic complications associated with type 2 

diabetes. Unfortunately, it was beyond the scope of this thesis to include other ophthalmic 

complications of diabetes including diabetic macular oedema and glaucoma.  

 

12.3 Recommendations for future research 

There are many ideas for future research studies that could build on the work in this thesis: 

 

 12.3.1 Incidence and associates of cataract surgery in people with type 1 diabetes 

The incidence and associates of cataract surgery was investigated in people with type 2 diabetes but 

there are few data available for people with type 1 diabetes. Interestingly, one study suggests that 

diabetes duration and hyperglycaemia may not be independently associated with cataract 

development in type 1 diabetes (19). Further research, specific to people with type 1 diabetes, could 

identify whether risk factors for cataract surgery differ based on diabetes type, especially given that 

people with type 1 diabetes tend to be diagnosed at a younger age, and may have implications for 

clinical management. 

 

12.3.2 Longitudinal association between carotid disease and DR 

The cross-sectional association between carotid disease and DR was investigated in this thesis, but 

the interpretation of these results is limited as the direction of the association could not be 
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established. One other study has assessed this relationship using longitudinal data and found no 

significant association between any marker of carotid disease at baseline and DR during follow-up 

(20). Additional research is needed to determine if a longitudinal relationship exists between carotid 

disease and DR. It would be useful to do a follow-up study on those participants who attended the 

FDS2 sub-study. If no relationship is found, supporting the work by Cardoso et al. (20), it could 

suggest that these complications occur contemporaneously, and suggest shared risk factors 

contribute to both. If a significant association is found, it may help in understanding the direction of 

this relationship and the pathophysiology of these complications.  

 

12.3.3 Use of DR as a marker of cardiovascular risk 

Much of the work in this thesis has shown that there is an association between DR and 

cerebrovascular/cardiovascular disease. In FDS2, DR at baseline was associated with increased MI 

risk in unadjusted models and DR was associated with increased stroke risk after adjustment. 

Additionally, an association was found between carotid disease and DR in the sub-study. Many other 

studies have determined an association between DR and cardiovascular disease and cardiovascular 

risk (21-24). In fact, in Europe, the European Society of Cardiology suggests that presence of DR be 

included in cardiovascular risk assessments (25). However, DR is not part of the cardiovascular risk 

assessment in Australia (26). It would be useful to have an up-to-date systematic review on the 

evidence of the association between DR and cardiovascular risk. Dependent on these findings, it may 

be useful to then develop a study to determine whether treatment of cardiovascular risk factors in 

those with DR reduces cardiovascular or cerebrovascular events. This could inform cardiovascular 

risk management in people with type 2 diabetes in Australia. 

 

12.3.4 Trajectories, incidence and prevalence of DR  

There are no contemporary Australian data on the incidence and progression of DR and, of the few 

conducted since 2000, many were clinic-based (27). Studies in this thesis compared the incidence 
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and progression of DR in Aboriginal Australians to Anglo Celts, but did not include the whole FDS2 

cohort. Future research work should aim to determine the incidence and progression of DR during 

FDS2 and to determine whether there are specific DR trajectories, using group-based trajectory 

modelling. It would also be useful to compare DR incidence and prevalence between urban and rural 

dwelling Australian populations and to further analyse these differences stratified by ethnicity. This 

will help determine trends in DR incidence in Australia to assist with health care planning.  

 

12.3.5 Using OCTA as a marker of preclinical DR 

The potential of OCTA in the diagnosis of DR is not yet fully utilised, although the number of peer-

reviewed publications in this field is increasing. A recent review showed studies have had conflicting 

results as to whether the vessel density measurements from OCTA are associated with DR (28). 

Although it has been suggested that OCTA could detect preclinical DR (28, 29), further research is 

still required to clarify this. Further evidence is also needed to show whether early changes to retinal 

vessel density are associated with development of DR assessed through fundus photography. It 

would be interesting to determine if there is a specific cut-point at which retinal vessel density from 

OCTA is associated with DR assessed by fundus photography and whether it is associated with the 

development of DR within a specific time-frame. If shown to detect preclinical DR, OCTA could 

potentially be used to stratify risk of developing DR and result in improvements to the 

individualisation of DR screening intervals. 

 

12.3.6 Use of machine learning in diagnosis of DR using both fundus photography and 

OCTA 

Ophthalmic screening for DR is imperative for early detection and therefore preserving vision (11). 

However, screening for DR is often time consuming and those in remote and rural areas have 

reduced access to such services. As the access to fundus photography and OCTA is increasing, the 

use of telehealth for ophthalmic screening has been increasing (30). Nurses or community health 
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staff are able to be trained to use the equipment and the images are sent digitally to trained graders 

for results (30). Furthermore, there has been an increasing uptake in the use of machine learning for 

grading DR. A recent publication showed a machine learning algorithm for DR, EyeArt, has high 

specificity and sensitivity for DR grading in a real world setting of 30,000 participants and suggested 

that it was equivalent to clinical grading (31). The use of machine learning for OCTA is not as well 

established, but available published studies have shown promise (32, 33). Future research using 

machine learning to grade DR from OCTA, alone or in combination with fundus photography, would 

be very useful. It could potentially be used in telehealth, primary care and for population screening, 

giving timely and accurate results.  

 

12.3.7 Biomarkers to predict DR incidence and progression 

There have been a few studies identifying proteomic biomarkers associated with DR (34), but these 

have not been validated in different populations and have not determined if these add to known 

strong clinical risk factors such as HbA1c and blood pressure. As additional research is required, a 

proteomic biomarker discovery project for DR has been planned and aims to identify proteins that 

are significantly associated with DR prevalence, incidence and progression, using data from FDS2. As 

FDS2 participants underwent comprehensive assessments, adjustment can be made for other clinical 

risk factors to determine if novel biomarkers provide additional information on DR risk and 

progression. If biomarkers are able to identify those at risk of developing new or worse DR, they 

could help stratify DR screening frequency, provide a window for optimal intervention, and 

potentially increase the understanding of the pathophysiology of DR. 

 

12.4 Conclusions 

Diabetes continues to be a leading cause of visual impairment and blindness worldwide (1, 2). Due to 

this burden, improved management and detection of ophthalmic complications is required. The key 

findings from this thesis based on people with type 2 diabetes are: 
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 People with type 2 diabetes are at a higher risk of developing cataracts, especially if they are 

younger, compared to people without diabetes 

 Management of dyslipidaemia and hyperglycaemia without inducing hypoglycaemia were 

identified as potentially modifiable risk factors associated with cataract surgery 

 At least moderate DR was significantly associated with a higher risk of stroke, after adjusting 

for other risk factors 

 Urban-dwelling Aboriginal Australians had higher odds of having and developing DR than 

Anglo Celts, possibly due to poor access to culturally appropriate diabetes management 

 Carotid disease was associated with DR diagnosed with fundus photography, as well as lower 

retinal vessel density assessed by OCTA 

 Arteriosclerosis was also independently associated with DR, and the effect of this was 

greater in earlier stages of atherosclerosis 

 There was a suboptimal level of knowledge of ophthalmic complications and those who had 

better knowledge levels were more likely to have more severe DR 

 PromarkerD, a validated test for incident diabetic kidney disease was not useful in detecting 

DR prevalence or incidence 

 

Ophthalmic complications from the lens to the retina were investigated in a community-based 

sample of people with type 2 diabetes. Few consistent modifiable risk factors for cataract prevention 

were identified, although management of hyperglycaemia and lipids may be useful. The association 

between macrovascular and microvascular complications was further developed. Similar risk factors 

apply to both of these complications of diabetes, suggesting that appropriately intensive 

management of cardiovascular disease, as a macrovascular complication, may be beneficial for DR 

and other microvascular complications. Alternatively, as DR was associated with stroke risk, the 

presence of DR may indicate the need for a cardiovascular risk assessment. Additionally to reduce 

the burden of DR in Australia, Aboriginal Australians need better access to culturally appropriate 
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diabetes management and people with type 2 diabetes who have no or mild DR may benefit from 

additional diabetes education on ophthalmic complications. Further research is still required to help 

us understand more about the pathophysiology of ophthalmic complications of type 2 diabetes to 

reduce the impact of these on visual impairment and blindness. 
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APPENDIX A: SUPPLEMENTARY MATERIAL FROM CHAPTER 4; INCIDENCE 

AND DETERMINANTS OF INTRAOCULAR LENS IMPLANTATION IN TYPE 2 

DIABETES: THE FREMANTLE DIABETES STUDY PHASE II 

 

Supplementary Table 1: ICD diagnosis and procedure codes used to assess cataract 

diagnosis and intraocular lens implantation 

 

 Diagnosis codes used: Procedure codes used: 

ICD-9-CM 366.0-366.23, 366.3-

366.34, 366.4-366.46, 

366.5-366.53, 366.8, 366.9 

13.11, 13.19, 13.2, 13.3,1 3.41-

13.43, 13.51, 13.59, 13.63, 13.64, 

13.65, 13.66, 13.69-13.72 

ICD-10-AM H26.0-H26.4, H26.8-

H26.9, H28.1-2, Z98.49, 

Z96.1 

42731-00, 42703-00, 42701-00, 

42701-01, 42698-00, 42702-00, 

42702-01, 42698-01, 42702-02, 

42702-03, 42698-02, 42702-04, 

42702-05, 42698-03, 42702-06, 

42702-07, 42698-04, 42702-08, 

42702-09, 42731-01, 42698-05, 

42702-10, 42702-11, 42737-00, 

42734-00, 42788-00, 42791-02, 

42719-00, 42731-00, 42719-02, 

42716-0 
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Supplementary Table 2: Models of first incident cataract surgery and the competing event of death in FDS2 participants with type 2 diabetes and 

matched residents without diabetes with no prior cataract surgery by type 2 diabetes status and with age as timescale i) unadjusted and ii) adjusted for 

baseline age, sex, and Charlson Co-morbidity Index score. 

 

Outcome Type 2 diabetes status Cox model, 

coefficent (95% CI) 

P-value Fine and Gray model, 

coefficient (95% CI) 

P-value 

i) First cataract surgery Main 10.43 (5.62-15.24) <0.001 10.65 (5.95-15.34) <0.001 

 Time-varying -2.32 (-3.45 to -1.20) <0.001 -2.38 (-3.48 to -1.29) <0.001 

ii) First cataract surgery Main 10.07 (5.24-14.90) <0.001 9.49 (4.80-14.18) <0.001 

 Time-varying -2.24 (-3.37 to -1.11) <0.001 -2.11 (-3.20 to -1.01) <0.001 

i) All-cause death Main 13.57 (8.11-19.02) <0.001   

 Time-varying -3.08 (-4.35 to -1.81) <0.001   

ii) All-cause death Main 10.97 (5.38-16.56) <0.001   

 Time-varying -2.53 (-3.83 to -1.23) <0.001   
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Supplementary Figure 1: a) unadjusted cause-specific hazard ratio for IOL implantation; b) adjusted cause-specific hazard ratio for IOL implantation; 

c) unadjusted subdistribution hazard ratio for IOL implantation; d) adjusted subdistribution hazard ratio for IOL implantation; e)  unadjusted hazard 

ratio for all-cause death; f) adjusted hazard ratio for all-cause death, in FDS2 participants with type 2 diabetes and their matched counterparts without 

diabetes by age at census for persons with type 2 diabetes versus no diabetes (reference). Adjustment for baseline age, sex and Charlson’s Comorbidity 

Index. 
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Supplementary Figure 2: Cumulative incidence function of first IOL implantation for cataract by type 2 diabetes status. 
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Supplementary Figure 3:  a) cause-specific hazard ratios for IOL implantation; b) subdistribution hazard ratios for IOL implantation, in FDS2 

participants with type 2 diabetes by age at census (10-year increments) and diabetes duration (5-year increments) versus new onset diabetes 

(reference).  
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APPENDIX B: SUPPLEMENTARY MATERIAL FROM CHAPTER 6; 

RETINOPATHY PREDICTS STROKE BUT NOT MYOCARDIAL INFARCTION IN 

TYPE 2 DIABETES: THE FREMANTLE DIABETES STUDY PHASE II 

 

Table I: ICD Codes used to determine stroke and myocardial infarction events 

 
Stroke Myocardial infarction 

ICD-9-CM 

430, 431, 432, 432.0, 432.1, 

432.9, 433.01, 433.11, 433.21, 

433.31, 433.81, 433.91, 434.01, 

434.11, 434.91 

410, 410.00, 410.01, 410.02, 

410.10, 410.104, 10.12, 410.20, 

410.21, 410.22, 410.30, 410.31, 

410.32, 410.40, 410.41, 410.42, 

410.50, 410.51, 410.52, 410.70, 

410.71, 410.72, 410.80, 410.81, 

410.82, 410.9, 410.91, 410.92 

ICD-10-

AM 

I60, I60.0, I160.1, I60.2, I60.3, 

I60.4, I60.5, I60.6, I60.7, I60.8, 

I60.9, I61, I61.0, I61.1, I61.2, 

I61.3, I61.4, I61.5, I61.6, I61.8, 

I61.9, I62, I62.0, I62.1, I62.9, I63, 

I63.0, I63.1, I63.2, I63.3, I63.4, 

I63.5, I63.6, I63.8, I63.9, I64 

I21, I21.0, I21.1, I21.2, I213, 

I21.4, I21.9, I22, I22.0, I22.1, 

I22.8, I22.9 
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Table II: Baseline characteristics of FDS2 participants by incident MI status to 

end-2016 

Variables at baseline 
No MI during 

follow up 

MI during 

follow up 
p-value 

Number (%) 1267 (91.0) 126 (9.0)  

Age (years) 64.8 ± 11.3 67.9 ± 12.4 0.004 

Sex (% male) 49.7 50.0 >0.99 

Ethnic background (%):   0.002 

Anglo-Celt 53.1 54.8 0.78 

Southern European 12.6 14.3 0.58 

Other European 7.8 4.8 0.29 

Indigenous Australian 5.2 13.5 0.001 

Mixed/other 21.2 12.7 0.027 

Currently married/de facto (%) 64.2 50.8 0.004 

Duration of diabetes (years) 8.0 [2.0-15.0] 14.8 [6.0-19.9] <0.001 

Diabetes treatment (%):   <0.001 

Diet 25.8 11.1  

Oral agents± non-insulin injectables 53.8 54.8  

Insulin only 4.6 10.3  

Insulin + oral agents± non-insulin 

injectables 
15.9 23.8  

Fasting glucose (mmol/L) 7.2 [6.2-8.9] 6.9 [5.9-9.6] 0.76 

HbA1c
 
(%) 6.8 [6.2-7.7] 6.9 [6.2-8.2] 0.17 

HbA1c (mmol/mol) 51 [44 -61] 52 [44-66] 0.17 

Severe hypoglycaemia before 

baseline (%) 
2.4 8.7 0.001 

BMI (kg/m2) 31.4 ± 6.2 30.7 ± 6.3 0.25 

Heart rate (bpm) 70 ± 12 73 ± 16 0.08 

Supine SBP (mm Hg) 145 ± 21 152 ± 29 0.020 

Supine DBP (mm Hg) 80 ± 12 79 ± 14 0.42 

Orthostatic hypotension (%) 30.7 43.5 0.005 

Atrial Fibrillation on ECG (%) 4.1 4.8 0.64 

Left ventricular hypertrophy on ECG 

(%) 
1.5 4.8 0.021 

On antihypertensive medication (%): 71.7 77.0 0.21 

On lipid-modifying medication (%) 66.0 69.8 0.43 

On aspirin (%) 34.0 44.4 0.024 

On other anticoagulant (%) 9.1 22.2 <0.001 

On medication for angina (%) 2.9 10.0 0.001 

Total cholesterol (mmol/L) 4.4 ± 1.1 4.5 ± 1.7 0.30 

HDL-cholesterol (mmol/L) 1.2 ± 0.3 1.2 ± 0.4 0.94 

Serum triglycerides (mmol/L) 1.5 (0.9-2.5) 1.6 (0.9-2.8) 0.20 

Urinary albumin:creatinine 

(mg/mmol) 
3.0 (0.9-10.4) 6.3 (1.1-36.6) <0.001 

eGFR (CKD-EPI) categories (%):   <0.001 

≥90 ml/min/1.73m2
 

 41.6 31.2  

60-89 ml/min/1.73m2  45.0 38.4  

45-59 ml/min/1.73m2  7.8 14.4  

<45 ml/min/1.73m2 5.7 16.0  
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NTproBNP (pmol/L) 65 (17-252) 187 (36-976) <0.001 

Anemia (%) 8.6 20.6 <0.001 

Stroke before baseline (%) 3.0 5.6 0.18 

Any history of angina at baseline 

(%) 
14.8 37.3 <0.001 

Ischemic heart disease before 

baseline (%) 
20.6 44.4 <0.001 

Peripheral arterial disease (%) 20.2 40.5 <0.001 

Peripheral sensory neuropathy (%) 56.4 65.9 0.047 

Alcohol (standard drinks/day) 0.1 [0-1.2] 0.1 [0-1.2] 0.40 

Smoking status (% never/ex/current) 47.7/42.9/9.4 38.9/42.1/19.0 0.004 

Had an eye test in the last year (%) 81.0 81.9 0.90 

Any retinopathy (%) 34.5 53.2 <0.001 

Retinopathy severity (%):   <0.001 

None 65.6 46.8  

Mild non-proliferative 28.0 35.7  

Moderate non-proliferative 3.7 10.3  

Severe non-proliferative or 

proliferative 
2.7 7.1  

Moderate non-proliferative or worse 

(%) 
6.4 17.5 <0.001 

Data are percentages, mean ± SD, geometric mean (SD range) or median [inter-quartile 

range] 
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Table III: The most parsimonious Cox model showing independent predictors for 

incident MI events with age at census as the timeline. 

Baseline Variable 
Cox model,  

HR (95% CI) 
p-value 

Age at diabetes diagnosis (increase of 1 year) 0.97 (0.95, 0.99) 0.001 

HbA1c (per 1% increase) 1.18 (1.05, 1.34) 0.007 

Current smoker 2.14 (1.30, 3.51) 0.003 

Ln (NT-proBNP (pmol/L))* 1.39 (1.23, 1.57) <0.001 

Angina 2.02 (1.37, 2.98) <0.001 

Peripheral arterial disease 1.76 (1.20, 2.57) 0.004 
* A 2.72-fold increase in x corresponds to an increase of 1 in ln (NT-proBNP (pmol/L)) 
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Table IV: The hazard ratios (95% CIs) and significance levels of different incident stroke types by retinopathy presence and severity when added to the 

most parsimonious Cox model with age as the timeline. Note that there was insufficient power for these analyses. 

aVariables in the most parsimonious Cox model for ischemic stroke: HbA1c and urinary albumin:creatinine ratio; bVariables in the most parsimonious Cox model for hemorrhagic 

stroke: atrial fibrillation and estimated glomerular filtration rate; cVariables in the most parsimonious Cox model for all stroke excluding intracranial hemorrhages: HbA1c, atrial 

fibrillation, urinary albumin:creatinine ratio and peripheral arterial disease; *No participants with moderate NPDR had a hemorrhagic stroke 

 

 

Stroke Type Ischemic Stroke a Hemorrhagic Stroke b 

All stroke excluding intracranial 

hemorrhages c 

Any retinopathy 1.13 (0.49, 2.63), p=0.77 0.36 (0.08, 1.68), p=0.20 0.79 (0.41, 1.52), p=0.47 

Retinopathy severity:    

None or mild NPDR 1.00 (reference category) 1.00 1.00 

Moderate NPDR 1.72 (0.39, 7.58) p=0.47 N/A* 1.10 (0.26, 4.75), p=0.90 

Severe NPDR or PDR 3.32 (0.90, 12.3), p=0.07 1.80 (0.19, 17.33), p=0.61 2.16 (0.70, 6.72), p=0.18 

Moderate NPDR or worse (vs 

mild NPDR or no DR) 

2.38 (0.84, 6.75), p=0.10 1.13 (0.13, 9.63), p=0.91 1.61 (0.63, 4.14), p=0.32 
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Table V: The relationship between retinopathy and any stroke in unadjusted and 

adjusted Cox regression models after excluding those participants with any history of 

cardiovascular disease, cerebrovascular disease, angina, ischaemic heart disease, 

peripheral arterial disease or atrial fibrillation at baseline. There were 791 participants 

included and 17 (2.1%) stroke events during follow-up after these exclusions.  

 

 
Unadjusted model, 

HR (95% CI) 
p-value 

 

Most parsimonious 

model,  

HR (95% CI)* 

p-value 

Any retinopathy† 2.45 (0.91, 6.62) 0.077 2.19 (0.79, 6.07) 0.130 

Retinopathy severity:     

None or mild NPDR 1.00 (reference)  1.00 (reference)  

Moderate NPDR 2.13 (0.26, 17.17) 0.477 1.88 (0.23, 15.15) 0.553 

Severe NPDR or worse 10.41 (2.26, 47.96) 0.003 7.48 (1.53, 36.68) 0.013 

Moderate NPDR or worse 

(vs mild NPDR or no DR) 
4.68 (1.28, 17.05) 0.019 3.75 (0.99, 14.25) 0.052 

Severe NPDR or worse (vs 

less than severe NPDR) 
10.05 (2.19, 46.10) 0.003 7.13 (1.46, 34.79) 0.015 

*Adjusted for most parsimonious model which comprised macroalbuminuria (HR: 6.69 (95%CI:2.05-

21.81), P=0.002). †Insufficient power for analysis 
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Table VI: The relationship between retinopathy and any stroke in unadjusted and adjusted Cox regression 

models including those who had a stroke before baseline. There were 1521 participants with type 2 

diabetes and retinopathy status available. Of these, there were 58 (3.8%) stroke events after baseline. 

 

 
Unadjusted model, 

HR (95% CI) 
p-value 

 

Most parsimonious 

model,  

HR (95% CI)* 

p-value 

Any retinopathy† 1.30 (0.77, 2.18) 0.330 1.14 (0.66, 1.99) 0.634 

Retinopathy severity:     

None or mild NPDR 1.00 (reference)  1.00 (reference)  

Moderate NPDR 2.23 (0.88, 5.63) 0.089 2.39 (0.92, 6.17) 0.073 

Severe NPDR or worse 3.25 (1.16, 9.09) 0.025 2.00 (0.68, 5.89) 0.207 

Moderate NPDR or worse 

(vs mild NPDR or no DR) 
2.59 (1.27, 5.30) 0.009 2.205 (1.04, 4.66) 0.038 

Severe NPDR or worse (vs 

less than severe NPDR)  
3.08 (1.10, 8.60) 0.032 2.00 (0.68, 5.89) 0.207 

*Adjusted for the most parsimonious model which comprised HbA1c, atrial fibrillation and ln(urinary 

albumin:creatinine). †Insufficient power (14%) 
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Table VII: Model A shows the most parsimonious Cox model, with age as the timeline, for all stroke events after baseline, regardless of whether 

participants had a stroke before study entry, as per Table VI. Model B shows the addition of moderate non-proliferative diabetic retinopathy (NPDR) or 

worse to Model A. 
 

Baseline Variable 

Model A Model B 

Cox model, HR (95% CI) p-value Cox model, HR (95% CI) p-value 

HbA1c (per 1% increase) 1.24 (1.03, 1.50) 0.026 1.22 (1.00, 1.48) 0.049 

Atrial fibrillation 3.31 (1.65, 6.64) 0.003 3.42 (1.79, 6.90) 0.001 

Ln (urinary albumin:creatinine)* 1.32 (1.11, 1.58) 0.002 1.29 (1.08, 1.55) 0.005 

Moderate NPDR or worse   2.21 (1.04, 4.66) 0.038 

* A 2.72-fold increase in urinary albumin:creatinine corresponds to an increase of 1 in ln(urinary albumin:creatinine) 

 

 

 

 

 

 

 



 

203 
 

Table VIII: The relationship between retinopathy and any MI in unadjusted and 

adjusted Cox regression models including those who had a MI before baseline. There 

were 1521 participants with type 2 diabetes and retinopathy status available. Of these, 

168 (11.0%) had a MI after baseline. 

 

 
Unadjusted model, 

HR (95% CI) 
p-value 

 

Most parsimonious 

model,  

HR (95% CI)* 

p-value 

Any retinopathy 2.24 (1.65, 3.03) <0.001 1.40 (0.99, 1.97) 0.058 

Retinopathy severity:     

None or mild NPDR 1.00 (reference)  1.00 (reference)  

Moderate NPDR 2.90 (1.76, 4.77) <0.001 1.57 (0.91, 2.73) 0.107 

Severe NPDR or worse 3.15 (1.77, 5.61) <0.001 1.08 (0.57, 2.04) 0.818 

Moderate NPDR or worse  

(vs mild NPDR or no DR) 
3.00 (2.02, 4.45) <0.001 1.33 (0.84, 2.11) 0.227 

*Adjusted for the most parsimonious model which comprised age at diabetes diagnosis, HbA1c, 

peripheral arterial disease, anemia, ln(NTproBNP), angina and current smoker. 
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APPENDIX C: SUPPLEMENTARY MATERIAL FROM CHAPTER 7; THE RELATIONSHIP BETWEEN CAROTID DISEASE AND 

RETINOPATHY IN DIABETES: A SYSTEMATIC REVIEW 

 
Figure S1: Diagram of a carotid artery with plaque at the bifurcation 
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Table S1: The quality of the included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: CD: cannot determine, NR: not reported, N/A: not applicable 

 

 

 Studies with carotid disease as dependent variable Studies with retinopathy as dependent variable 
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1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

2 Yes Yes No Yes No Yes Yes Yes No No No No No No 

3 NR Yes NR Yes NR NR NR NR Yes NR NR Yes Yes NR 

4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NR Yes Yes Yes 

5 No No Yes No Yes No No No No No No No Yes No 

6 Yes No No No No No No No No No No No No No 

7 Yes No No No No No No No No No No No No No 

8 No No Yes No Yes No No No No No Yes Yes No Yes 

9 Yes CD Yes Yes Yes Yes Yes Yes Yes CD Yes Yes Yes Yes 

10 Yes No No No No No No No No No No No No No 

11 Yes CD Yes Yes Yes Yes Yes Yes CD Yes Yes Yes Yes Yes 

12 Yes CD CD CD Yes CD Yes Yes CD CD CD CD CD CD 

13 CD N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

14 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No 

Overall: Good Poor Good Good Good Fair Good Good Poor Poor Poor Good Good Poor 
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APPENDIX D: SUPPLEMENTARY MATERIAL FROM CHAPTER 9; CAROTID DISEASE AND RETINAL OPTICAL COHERENCE 

TOMOGRAPHY ANGIOGRAPHY PARAMETERS IN TYPE 2 DIABETES: THE FREMANTLE DIABETES STUDY PHASE II 

 

 

 

Table 1: Definition of the variables assessed by optical coherence tomography angiography. 

 

Variable Definition Layers of retina included in measurement  

Foveal avascular zone area (mm2) Capillary-free area at the center of the 

macula 

ILM to OPL+10 μm 

Vessel density in the 300 μm ring 

surrounding the foveal avascular 

zone (%) 

Blood vessel density in the 300μm ring 

around the foveal avascular zone  

ILM to OPL+10 μm 

Parafoveal vessel density in 

superficial and deep capillary 

plexuses (%) 

Blood vessel density in the ring 1-3mm 

away from the centre of the retina at the 

surface and in the deeper layers.  

Superficial plexus: ILM to IPL-10 μm 

Deep plexus: IPL-10 μm to OPL+10 μm 

Full thickness at the parafovea 

(μm) 

Measurement of thickness of the layers of 

the retina in the 1-3mm ring from the 

center of the retina  

ILM to RPE 

Flow area in the choriocapillaris 

(mm2) 

Total area of blood flow in a 2mm 

diameter ring from the centre of the retina  

BRM-10 μm to BRM+30μm 

Abbreviations: ILM: inner limiting membrane; OPL: outer plexiform layer; IPL: inner plexiform layer; BRM: Bruch’s membrane 
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Table 2: The results of the unadjusted generalized estimating equations showing the association between measures of carotid disease and OCTA retinal 

microvascular parameters. 

  Parafoveal density 

of deep capillary 

plexus 

Parafoveal density 

of superficial 

capillary plexus 

FD-300 
Foveal avascular 

zone area 

Flow area in the 

choriocapillaris 
Parafoveal thickness 

Ipsilateral  BIF IMT 

≥1mm 

-1.22 (-1.95, -0.49), 

P=0.001 

-0.75 (-1.51, 0.00), 

P=0.05 

-1.25 (-1.99, -0.51), 

P=0.001 

-0.003 (-0.017, 

0.011), P=0.66 

-0.00 (-0.03, 0.03), 

P=0.84 

0.14 (-2.51, 2.79), 

P=0.92 

 CCA IMT 

≥1mm 

-1.02 (-1.96, -0.08), 

P=0.033 

-0.75 (-1.60, 0.11), 

P=0.09 

-0.40 (-1.56, 0.76), 

P=0.50 

0.002 (-0.019, 

0.023), P=0.83 

-0.02 (-0.06, 0.03), 

P=0.44 

0.42 (-3.42, 4.25), 

P=0.83 

 Ln(BIF)* -1.46 (-2.40, -0.52), 

P=0.002 

-0.63 (-1.43, 0.16), 

P=0.12 

-1.15 (-2.03, -0.27), 

P=0.011 

-0.012 (-0.026, 

0.003)), P=0.13 

-0.03 (-0.06, -0.00), 

P=0.038 

-0.17 (-4.00, 3.66), 

P=0.93 

 Ln(CCA)* -2.98 (-4.77, -1.18), 

P=0.001 

-0.80 (-2.56, 0.95), 

P=0.37 

-1.02 (-3.14, 1.10), 

P=0.35 

0.016 (-0.023, 

0.055), P=0.42 

-0.08 (-0.16, -0.00), 

P=0.049 

1.42 (-5.45, 8.29), 

P=0.69 

 Stenosis -1.56 (-2.24, -0.89), 

P<0.001 

-0.84 (-1.55, -0.13), 

P=0.020 

-0.91 (-1.72, -0.11), 

P=0.026 

-0.002 (-0.018, 

0.015), P=0.83 

-0.01 (-0.04, 0.02), 

P=0.43 

-0.51 (-3.36, 2.34), 

P=0.72 

Contralateral  BIF IMT 

≥1mm 

-0.80 (-1.56, -0.03), 

P=0.041 

-0.06 (-0.83, 0.70), 

P=0.87 

-0.26 (-1.06, 0.54), 

P=0.52 

-0.006 (-0.020, 

0.009), P=0.44 

0.00 (-0.03, 0.03), 

P=0.87 

-1.09 (-3.73, 1.54), 

P=0.42 

 CCA IMT 

≥1mm 

-1.39 (-2.29, -0.50), 

P=0.002 

-0.49 (-1.39, 0.40), 

P=0.28 

-1.51 (-2.77, -0.24), 

P=0.019 

-0.005 (-0.024, 

0.015), P=0.65 

-0.00 (-0.04, 0.04), 

P=0.94 

-1.21 (-6.25, 3.83), 

P=0.64 

 Ln(BIF)* -1.26 (-2.25, -0.27), 

P=0.012 

-0.48 (-1.23, 0.26), 

P=0.20 

-0.33 (-1.15, 0.50), 

P=0.44 

-0.005 (-0.021, 

0.011), P=0.53 

-0.01 (-0.04, 0.02), 

P=0.72 

0.87 (-3.01, 4.75), 

P=0.66 

 Ln(CCA)* -3.42 (-5.23, -1.61), 

P<0.001 

-2.47 (-4.13, -0.81), 

P=0.004 

-1.05 (-3.24, 1.14), 

P=0.35 

-0.002 (-0.039, 

0.034), P=0.91 

-0.05 (-0.12, 0.02), 

P=0.19 

-0.97 (-8.80, 6.86), 

P=0.81 

 Stenosis -1.10 (-1.79, -0.41), 

P=0.002 

-1.58 (-2.27, -0.90), 

P<0.001 

-0.66 (-1.46, 0.14), 

P=0.11 

-0.004 (-0.021, 

0.012), P=0.61 

-0.01 (-0.04, 0.02), 

P=0.40 

-3.46 (-6.26, -0.65), 

P=0.016 

Abbreviations: FD-300: vessel density in the 300 μm ring surrounding the foveal avascular zone, BIF: bifurcation, CCA: common carotid artery; IMT: intima-media thickness. * A 

2.72-fold increase in x corresponds to an increase of 1 in ln(x) 
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Table 3: The bivariable associations of vessel density in the 300 μm ring surrounding the foveal avascular zone (FD-300). 
Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-Value 

(trend) 

Number of eyes (%) 118 (25.1) 118 (25.1) 119 (25.3) 116 (24.6)  

FD-300 (%) 41.69 46.71 49.40 52.81  

Age at study entry (years) 73.2 ± 10.0 74.2 ± 8.6 69.7 ± 9.1† ‡‡ 69.6 ± 8.7† ‡‡ <0.001 

Male (%) 72.0 63.6 55.5 39.7††† ‡‡‡ <0.001 

Ethnic background (%):      0.49* 

Anglo-Celt  53.4 56.8 56.3 63.8  

Southern European  11.9 7.6 10.1 12.1  

Other European  11.9 7.6 7.6 6.9  

Asian  6.8 7.6 5.9 1.7  

Indigenous Australian  1.7 0 2.5 2.6  

Mixed/other  14.4 20.3 17.7 12.9  

Age at diabetes diagnosis (years) 53.4 ± 11.5 56.4 ± 9.8 53.8 ± 10.2 55.5 ± 9.0 0.08 

Fasting glucose (mmol) 7.9 [6.5-9.7] 7.4 [6.2-8.5] 7.5 [6.5-9.3] 7.5 [6.2-9.7] 0.47 

HbA1c (%) 7.6 [6.6-8.4] 7.2 [6.3-8.1] 7.3 [6.5-7.9] 6.9 [6.4-7.9] †† 0.016 

HbA1c (mmol/mol) 59 [49-68] 55 [45-65] 56 [47-63] 52 [46-62] †† 0.016 

Diabetes duration (years at study entry) 19.0 [12.3-25.9] 16.7 [11.5-22.3] 13.4 [10.7-19.6] ††† 12.8 [10.4-16.8] †††‡‡‡ <0.001 

Self-monitors blood glucose (%) 70.3 64.4 72.3 68.1 0.60 

On insulin (%) 40.7 22.9† 29.4 23.3† 0.010 

Any ipsilateral stenosis (%) 67.0 61.0 58.0 45.7† 0.009 

Ipsilateral IMT at bifurcation (mm) 1.37 (0.85-2.21) 1.34 (0.83-2.16) 1.20 (0.78-1.85)  1.20 (0.79-1.83)  0.039 

Ipsilateral IMT in CCA (mm) 0.86 (0.72-1.02) 0.82 (0.67-1.00) 0.83 (0.69-1.00) 0.82 (0.67-0.99) 0.18 

Ipsilateral IMT at bifurcation ≥1.0mm (%) 77.1 67.8 64.7 59.5† 0.030 

Ipsilateral IMT in CCA ≥1.0mm (%) 18.8 10.2 13.5 10.3 0.19 

Grade of stenosis (%)     0.018* 

0 33.1 39.0 42.0 54.3  

<15 33.1 26.3 29.4 20.7  

16-49 24.6 22.0 21.9 20.7  

50-69 8.5 12.7 4.2 4.3  

≥70 0.9 0 2.5 0  
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Type of ipsilateral plaque (%):    † 0.014* 

Soft 12.7 11.0 12.6 12.1  

Hard 43.2 39.0 26.9 23.3  

Mixed 11.0 11.0 18.5 10.3  

Body mass index (kg/m2) 31.2 ± 6.5 30.1 ± 5.9 30.3 ± 5.6 31.1 ± 5.3 0.38 

Obese by Waist:hip ratio (%) 94.9 94.9 93.3 92.2 0.80 

Body shape index (m11/6 kg-2/3) 0.084 ± 0.005 0.083 ± 0.005 0.082 ± 0.005†† 0.082 ± 0.005 0.004 

Systolic blood pressure (mmHg) 144 ± 18 140 ± 17 143 ± 20 137 ± 18† 0.009 

Diastolic blood pressure (mmHg) 77 ± 14 77 ± 11 80 ± 10 78 ± 11 0.38 

Pulse (bpm) 70 ± 12 68 ± 11 68 ± 12 69 ± 12 0.51 

Total cholesterol (mmol/L) 4.0 ± 1.1 4.1 ± 1.0 4.1 ± 1.1 4.2 ± 1.1 0.71 

LDL cholesterol (mmol/L) 2.1 ± 0.9 2.1 ± 0.9 2.1 ± 1.0 2.2 ± 1.0 0.83 

Triglycerides (mmol/L) 1.5 (0.9-2.5) 1.5 (0.9-2.7) 1.4 (0.9-2.4) 1.5 (1.0-2.5) 0.77 

HDL cholesterol (mmol/L) 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.4 1.2 ± 0.3 0.41 

eGFR (%)     0.026* 

≥90 ml/min/1.73m2 11.9 12.7 21.9 14.7  

60-89 ml/min/1.73m2 56.8 61.9 61.3 69.0  

45-59 ml/min/1.73m2 15.3 17.8 10.9 10.3  

<45 ml/min/1.73m2 16.1 7.63 5.9 6.0  

Urinary albumin:creatinine (mg/mmol) 4.0 (1.1-14.6) 3.7 (0.8-17.1) 3.0 (0.7-12.2) 2.2 (0.6-8.0) † ‡ 0.010 

On antihypertensive medication (%) 89.8 85.6 79.0 70.7 †† ‡ 0.001 

On lipid-modifying medication (%) 85.6 78.0 76.5 75.0 0.18 

On aspirin (%) 39.0 32.2 28.6 32.8 0.40 

On other anticoagulant/antiplatelet therapy (%) 21.2 17.8 12.6 12.1 0.18 

Any anticoagulant or antiplatelet therapy (%) 49.2 41.5 37.0 40.5 0.28 

Eyes checked in the last year (%) 88.1 85.6 94.1 89.7 0.17 

Best corrected ETDRS visual acuity score 79 [75-82] 80 [77-83] 80 [78-84] †† 81 [78-84] ††† <0.001 

Retinopathy severity (%):  †† † ††† <0.001* 

None 69.6 88.9 86.6 89.7  

Mild NPDR 16.5 9.4 11.8 10.3  

Moderate NPDR  7.8 1.7 0.8 0  

Severe NPDR/PDR/Treated PDR 6.1 0 0.8 0  
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Any diabetic retinopathy (%) 30.4 11.1†† 13.5† 10.3††† <0.001 

Axial length (mm) 23.57 ± 1.26 23.77 ± 1.37 23.83 ± 1.31 23.32 ± 0.91‡ 0.007 

Smoking status (%)     0.11 

Never 48.3 44.9 44.5 61.2  

Current 4.2 5.1 2.5 1.7  

Ex 47.5 50.0 52.9 37.1  

*Chi-squared used. †P<0.05, ††P<0.01, †††P<0.001 when compared with quartile 1; ‡ P<0.05, ‡‡P<0.01, ‡‡‡ P<0.001 when compared with quartile 2; §P<0.05, §§P<0.01, §§§P<0.001 

when compared with quartile 3 with Bonferroni adjustment for pairwise comparisons 

 




