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Association of Diabetes with Age-related Macular Degeneration in the EUREYE study
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Objective: To examine the association between self-reported diabetes history and early or late age-related macular degeneration (AMD) in the European population.

Methods

: Participants aged 65 years and over in the cross-sectional population-based EUREYE study underwent an eye examination including digital retinal photography. The images were graded at a single center. A structured questionnaire was administered by trained fieldworkers for putative risk factors for AMD including history of diabetes mellitus. Logistic regression models were used to examine the association between diabetes and stages of AMD, taking account of potential demographic, behavioral, dietary, and medical (history of cardiovascular disease) confounders. Main Outcome Measures: Photographic images were graded according to the modified International Classification System for AMD and stratified into 5 exclusive stages from no signs of AMD (AMD stage 0), early AMD (Stages 1-3) and late AMD (Stage 4). Late AMD was subdivided in neovascular AMD (NV-AMD) or geographic atrophy (GA).

Results: Data on diabetes history and potential confounders were available in 2117 controls subjects without AMD, 2182 with early AMD, 49 with GA, and 101 with NV-AMD. Of all participants, 13.1% reported a history of diabetes. After adjusting for potential confounders, subjects with neovascular AMD compared to controls had increased odds for diabetes (odds ratio 1.81; 95% confidence interval, 1.10-2.98, p=0.02). Subjects with AMD grades 1-3 or GA had no increased odds for diabetes compared to those without AMD.

Conclusions:

In the EUREYE study, after multiple adjustments, positive association of diabetes mellitus with neovascular AMD was found. The hypothesis that diabetes is associated with neovascular AMD but not with geographic atrophy may suggest different pathogenesis of the two advanced forms of the disease and needs to be further evaluated.

Introduction

Age-related macular degeneration (AMD) is an important cause of irreversible visual impairment or blindness in the adult Western World. [START_REF] Klaver | Age-specific prevalence and causes of blindness and visual impairment in an older population: the Rotterdam study[END_REF] The prevalence of AMD and the subsequent burden in public health are expected to rise as a result of the progressive increase in the life expectancy and the proportion of elderly persons in the population. The identification and modification of risk factors may have the potential for improving knowledge of pathogenetic mechanisms, facilitating prevention and subsequently reducing the morbidity associated with the disease.

The pathogenesis of AMD is considered to be multifactorial. Although many previous studies assessed a considerable number of demographic, environmental, genetic or medical risk factors for AMD, the majority remains controversial. AMD and cardiovascular disease have been hypothesized to share common pathways. [START_REF] Snow | Do age-related macular degeneration and cardiovascular disease share common antecedents?[END_REF][START_REF] Klein | The relationship of cardiovascular disease and its risk factors to the 5-year incidence of age-related maculopathy. The Beaver Dam Eye study[END_REF] Diabetes mellitus as a major cause of cardiovascular disease has been linked also with AMD. However, to date most of the epidemiological data have not been consistent regarding the association of diabetes with AMD with some studies finding an association, [START_REF] Klein | The relationship of cardiovascular disease and its risk factors to the 5-year incidence of age-related maculopathy. The Beaver Dam Eye study[END_REF][START_REF] Klein | Diabetes, hyperglycemia, and age-related maculopathy. The Beaver Dam Eye Study[END_REF][START_REF] Mitchell | Diabetes, fasting blood glucose and age-related maculopathy. The Blue Mountains Eye Study[END_REF][START_REF] Leske | Nine-year incidence of age-related macular degeneration in the Barbados Eye Studies[END_REF][START_REF]Age-Related Eye Disease Study Research Group. Risk factors for the incidence of advanced age-related macular degeneration in the Age-Related Eye Disease Study. AREDS report No 19[END_REF] others not [START_REF] Smith | Risk factors for age-related macular degeneration. Pooled findings from three continents[END_REF][START_REF] Tomany | Risk factors for incident age-related macular degeneration. Pooled findings from 3 continents[END_REF][START_REF] Goldberg | Factors associated with age-related macular degeneration. An analysis of data from the first National Health and Nutritional Examination Survey[END_REF][START_REF] Disease | Risk factors for neovascular age-related macular degeneration[END_REF][START_REF] Hyman | Hypertension, cardiovascular disease, and agerelated macular degeneration. Age-related Macular Degeneration Risk Factors Study Group[END_REF][START_REF] Wu | Cardiovascular risk factors and age-related macular degeneration: The Los Angeles Latino Eye study[END_REF][START_REF] Delcourt | Association of cardiovascular disease and its risk factors with age-related macular degeneration: the POLA study[END_REF] , while one study reported an inverse relationship between diabetes and incident reticular drusen. [START_REF] Klein | The epidemiology of retinal reticular drusen[END_REF] In addition, even in studies that found an association of diabetes with AMD, the specific association with types of late AMD (neovascular AMD or geographic atrophy) was also inconsistent.

The EUREYE study is a multi-center, population-based, analytic cross sectional study of risk factors for AMD with retrospective and current exposure measurements. [START_REF] Augood | Methods for a population-based study of the prevalence of and risk factors for age-related maculopathy and macular degeneration in elderly European populations: the EUREYE study[END_REF] The study centers (Estonia, France, Greece, Italy, Norway, Spain, UK) were chosen to maximize the range of geographical latitude and lifestyle behaviors, including diet since primary hypotheses were related to sunlight exposure and antioxidants. We examined the association of diabetes with AMD stages and late AMD types in the EUREYE study.

.

Materials and Methods

Population

The methods used to identify and describe this population have been published previously. [START_REF] Augood | Methods for a population-based study of the prevalence of and risk factors for age-related maculopathy and macular degeneration in elderly European populations: the EUREYE study[END_REF] In brief, participants were recruited from random sampling of the population aged over 65 years and attended the examination centre where they were first interviewed by trained fieldworkers and then underwent an ophthalmological examination and gave a non-fasting blood sample.

Risk factors assessment

Measurement of general lifestyle and medical history risk factors: Sociodemographic details and educational level were recorded. Self-reported data on current and past smoking, alcohol consumption habits, history of cardiovascular disease (stroke or heart attack), angina, and use of aspirin were collected. A history of diabetes mellitus was defined as a positive answer to the question: "Have you ever been told by a doctor that you have diabetes (sugar in the blood)?" For each study centre the years of education were classified into tertiles: low education group (for the lower third), middle (the middle third) and high (upper third).

Measurement of other risk factors:

We measured weight and demispan (the distance between the sternal notch and the finger roots with the arm out-stretched laterally). The demiquet index was calculated as weight /demispan [START_REF] Snow | Do age-related macular degeneration and cardiovascular disease share common antecedents?[END_REF] For comparison with other studies we also calculated Body Mass Index as weight (kg)/ height 2 (in meters) in which height was calculated from demispan using equations derived from a sub study in the Alicante population. [START_REF] Weinbrenner | Estimation of height and body mass index from demi-span in elderly individuals[END_REF] Systolic and diastolic blood pressures were measured with the arm in the seated position after 3 to 5 minutes rest. Two readings were taken with a 5minutes interval and the average of the two values recorded was used. Fieldworkers in all centers followed the same protocol and used the same type of sphygmomanometer (OMRON HEM 705 CP).

Fundus photography and grading

Following pupillary dilation with tropicamide 0.5% and phenylephrine 5%, two 35° nonsimultaneous stereoscopic colour fundus images were taken of each eye, centred on the fovea.

Images from participants were saved without manipulation as raw TIFF files to compact discs and sent to the grading centre in Rotterdam. The fundus images were graded according to a modification of the International Classification and Grading System for AMD. [START_REF] International | An international classification and grading system for age-related maculopathy and age-related macular degeneration[END_REF] In this system, all AMD fundus signs within a standard circle (diameter 6 mm) around the fovea are recorded.

Two highly experienced staff in the Rotterdam Fundus Photography Reading Centre undertook grading of the fundus. We next categorized eyes into five mutually exclusive stages from 0 to 4 according to fundus signs that had an increasing risk of late AMD. No AMD was defined as stage 0, meaning no signs of AMD at all or only hard drusen (< 63 μm). Stage 1 was defined as soft distinct drusen (≥ 63 μm) or pigmentary abnormalities, stage 2 as soft indistinct drusen (≥ 125 μm) or reticular drusen only or soft distinct drusen (≥ 63 μm) with pigmentary abnormalities, and stage 3 as soft indistinct drusen (≥ 125 μm) or reticular drusen with pigmentary abnormalities. Stage 4 was similar to late AMD subdivided into geographic atrophy or neovascular AMD. Geographic atrophy (GA) was defined as any sharply demarcated round or oval area of apparent absence of the RPE, larger than 175µm, with visible choroidal vessels, and no wet AMD. Neovascular (NV) AMD was defined as the presence of a serous or hemorrhagic detachment of the RPE and/or a sub retinal neovascular membrane and/or sub retinal haemorrhage, and/or periretinal fibrous scarring, even with patches of GA. [START_REF] Van Leeuwen | Grading of age-related maculopathy for epidemiological studies: Is digital imaging as good as 35 mm film?[END_REF] In the total sample size of 4753 participants with gradable fundus images, there were 2262 controls persons with grade 0, 2333 early AMD (1734 grade 1, 482 grade 2, 117 grade 3), and 158 late AMD (109 cases of NV-AMD, and 49 cases of GA). [START_REF] Augood | Prevalence of age-related maculopathy in older Europeans: the European Eye Study (EUREYE)[END_REF] Fundus images were also graded for the presence of retinal haemorrhages. Retinal haemorrhages were graded as present if lesions with the characteristics of blood (deep red or reddish brown confluent areas with dot or blot configuration) were seen in the neurosensory retina. Retinal haemorrhages were categorized as unilateral or bilateral depending on their presence in one or both eyes of an individual.

Blood samples

Blood samples packed in dry ice were shipped to the study's central laboratory (Queen's University, Belfast) on a monthly basis and stored at -70ºC until analysis by reverse phase HPLC for lutein, zeaxanthein , and alpha tocopherol. Total ascorbate was measured using an enzymebased assay in plasma stabilized with metaphosphoric acid. Cholesterol was measured using an enzymatic assay (Randox, Crumlin, UK) on a Cobas FARA centrifugal analyser (Roche Diagnostics, UK).

Statistical analysis

Statistical analysis was carried out using STATA (release 9.0, Stata Corp., College Station, TX).

We took account of the study design (seven centres) by estimating robust standard errors and corresponding p values and 95% confidence intervals using the survey suite of commands in STATA.

Logistic regression was used to examine associations between history of diabetes and each stage of AMD and the two types of late AMD. In all analyses the control group had no AMD. Possible confounding variables included age, sex, smoking (current, ex and never), level of education, body mass index (BMI), alcohol consumption, history of cardiovascular disease or angina, systolic blood pressure, aspirin use, and serum alpha-tocopherol to cholesterol ratio, vitamin C and lutein.

Self-reported diabetes history was available in 4722 participants and complete data on confounders in 4247.

Results

Overall the prevalence of self -reported diabetes was 13.1% (n=616). Compared to those without diabetes, people with diabetes were more likely to be male, to have a lower level of education, to report a positive history of cardiovascular disease or angina, to report a regular use of aspirin, to have higher BMI, to have a higher systolic blood pressure (SBP), to have lower blood level of total cholesterol, lower level of Vitamin C and higher alpha-tocopherol to cholesterol ratio (Table 1). 

Discussion

In the EUREYE Study, an association between self-reported diabetes mellitus and neovascular AMD was observed. This association remained significant after adjusting for potential confounders. No association was found of diabetes history with any stage of early AMD (stages 1-3) or GA.

Diabetes related changes in the function and structure of the retinal pigment epithelium, Bruch's membrane, and the choroidal circulation have been hypothesized to increase the risk of AMD. Histopathologic studies in eyes of subjects with diabetes of long duration have shown thickening of the basement membrane of the choriocapillaries walls, luminal narrowing, dropout of the choriocapillaries, and thickening of the Bruch membrane, factors that may predispose to the development of AMD. [START_REF] Hidayat | Diabetic choroidopathy light and electron microscopic observations of seven cases[END_REF] However, there is poor evidence for a common pathogenetic pathway since data from epidemiological studies is inconsistent .

There is limited population-based evidence supporting a clear association between diabetes and AMD. In the Beaver Dam Eye Study, diabetes was not associated with early AMD. [START_REF] Klein | Diabetes, hyperglycemia, and age-related maculopathy. The Beaver Dam Eye Study[END_REF] However, in persons older than 75 years, those with diabetes had a higher frequency of neovascular AMD (9.4%) than those without diabetes (4.7%) but both groups had similar frequencies of geographic atrophy. The relative risk of neovascular AMD in diabetic men over 75 years of age was 10.2 (95% CI: 2.4-43.7); for women it was 1.1 (95% CI: 0.4-3.0). The authors noted that they were unable to explain the observed relationship between neovascular AMD and diabetes in older men but not women and suggested that this might be the result of chance. [START_REF] Klein | Diabetes, hyperglycemia, and age-related maculopathy. The Beaver Dam Eye Study[END_REF] In this context it is worth noting that amongst women who participated in the Women's

Health Initiative Sight Exam Ancillary study, a history of diabetes was associated with a 2.5-fold increased risk for neovascular AMD but not associated with either early AMD or GA. [START_REF] Klein | The relationship of cardiovascular disease and its risk factors to the 5-year incidence of age-related maculopathy. The Beaver Dam Eye study[END_REF] In contrary, the Blue Mountains Eye Study reported that diabetes was significantly associated with the prevalence of geographic atrophy (OR: 4.0; 95% CI, 1.6-10.3), but no association was found either for neovascular AMD (OR: 1.2; 95% CI, 0.4-3.5) or early AMD (OR: 1.0: 95% CI, 0.5-1.8). [START_REF] Mitchell | Diabetes, fasting blood glucose and age-related maculopathy. The Blue Mountains Eye Study[END_REF] In the five and 10 year incidence studies of the same cohort, diabetes was also related to an increased risk of incident geographic atrophy (RR: 8.3 and 3.9 respectively), but not to neovascular AMD. [START_REF] Tomany | Risk factors for incident age-related macular degeneration. Pooled findings from 3 continents[END_REF] In a cohort study of a black population in Barbados, a 2.7-fold association of diabetes history with incident AMD was reported; however, subtype analysis of AMD was not performed. [START_REF] Leske | Nine-year incidence of age-related macular degeneration in the Barbados Eye Studies[END_REF] Diabetes history was not associated with early AMD in this study either.

Possible associations between diabetes and AMD have been identified by the AREDS (Age-related Eye Disease Study), a randomized, prospective, clinical trial. A history of diabetes was associated with increased risk for incident neovascular AMD (OR: 1.88) and not for GA in persons at risk of developing advanced AMD in one eye. [START_REF]Age-Related Eye Disease Study Research Group. Risk factors for the incidence of advanced age-related macular degeneration in the Age-Related Eye Disease Study. AREDS report No 19[END_REF] Dietary glycemic index (dGI) has been linked to AMD. High dGI was found on a cross sectional analysis of the AREDS cohort to be associated with an increased risk of early and late AMD in non-diabetic subjects. [START_REF] Chiu | Association between dietary glycemic index and age-related macular degeneration in non-diabetic participants in the Age-Related Eye Disease Study[END_REF] In another report of the same study, high dGI was reported to be associated with increased risk of AMD progression in persons with early stages of the disease. [START_REF] Chiu | Dietary carbohydrate and the progression of age-related macular degeneration: a prospective study from the Age-Related Eye Disease Study[END_REF] The dGI is a weighted average of the glycemic index of foods in the diet. High dGI is an indicator of poor quality dietary carbohydrate intake and has been implicated in the development of diabetes and cardiovascular disease. It may increase the risk of AMD through several common etiologic factors of diabetes and cardiovascular disease, including the formation of advanced glycation end products and increases in oxidative stress, inflammation, and hyperlipidemia.

A number of studies have suggested an association between AMD and history of cardiovascular disease. Since diabetes is a major risk factor for cardiovascular disease, the association of diabetes with AMD could be mediated by the presence of cardiovascular disease.

However, in the Eureye study the association of diabetes with neovascular AMD was independent of a history of cardiovascular disease. After adjustment, cardiovascular disease was not significantly associated with neovascular AMD (OR: 1.48; 95% CI: 0.83-2.64; p=0.2).

The EUREYE study is population based and because the participants were aged 65 or older there were more cases of late AMD than previous epidemiological studies, thus giving it additional power to detect associations with risk factors. However the study also has several limitations. Our results were based only on self-reported history of diabetes and participants may have incorrectly reported their diabetes status. However, self-reports of certain chronic conditions like diabetes are consider reasonably accurate and prevalence estimates of selfreported diabetes has been found to be similar to those from clinical and laboratory evaluations. [START_REF] Martin | Validation of self-reported chronic conditions and health services in a managed care population[END_REF][START_REF] Zhang | Diabetes Mellitus and Visual Impairment National Health and Nutrition Examination Survey, 1999-2004[END_REF] In our study, people with a self reported history of diabetes were four times more likely to have retinal haemorrhages on fundus photography and 23 times more likely to have bilateral haemorrhages lending strength to the the validity of the self reported measure. In addition, we have no reason to believe that any misreporting was related to AMD status. We cannot exclude the possibility that people with AMD were more likely to be attending an ophthalmologist and therefore identified with diabetes earlier than the controls persons.

However, the majority of people (69%) with NV-AMD in our study did not report a history of AMD.

In conclusion, the EUREYE study results support a positive association between history of diabetes with neovascular AMD but not with geographic atrophy or early AMD. The hypothesis that diabetes mellitus is associated only with neovascular AMD may suggest different pathogenesis of the two advanced forms of the disease and needs to be further evaluated.

Table 1 :

 1 Characteristics of people with and without a history of diabetes in the EUREYE Study (n= 4,247 with data on full confounders)

	Diabetes	No Diabetes	P-value
	(n=561)	(n=3686)	

The prevalence of diabetes among the five AMD groups is presented in Table

2

.

Table 2 .

 2 Prevalence of self-reported diabetes by AMD grade in the EUREYE study. (n=4722, 31 subjects with missing data on diabetes)

	AMD	No Diabetes	Diabetes	Total
		n (%)	n (%)	
	No AMD	1,954 (87.0)	292 (13.0)	2,246
	AMD grade 1	1,491 (86.6)	231 (13.4)	1,722
	AMD grade 2	430 (89.6)	50 (10.4)	480
	AMD grade 3	100 (86.2)	16 (13.8)	116
	Late AMD	131 (82.9)	27 (17.1)	158
	Total	4,106 (87.0)	616 (13.1)	4722

The prevalence of diabetes among subjects with GA was 13.2%, while the prevalence of diabetes among subjects with neovascular AMD was 19.3%. In the regression analysis, the association of diabetes with grades of AMD was adjusted for age and sex. Diabetes was not associated with early AMD grades nor with geographic atrophy. In contrary, subjects with neovascular AMD were 1.75 times more likely to have diabetes (p=0.016) compared to those with AMD grade 0 (controls). The results were additionally adjusted for the following parameters: smoking, educational level, alcohol intake, body mass index (BMI), self-reported history of cardiovascular disease, regular aspirin intake, systolic blood pressure, serum alphatocopherol to cholesterol ratio, vitamin C and lutein level; the association did not change significance. After multiple adjustments, subjects with neovascular AMD were 1.81 times more likely to have diabetes (p=0.02), compared to those without AMD. Either AMD grades 1-3 or GA were not associated with diabetes in the fully adjusted model. (

Table 3 )Table 3 .

 33 Association between diabetes mellitus and AMD by grade and type of AMD in the

	EUREYE study.		
		OR* (95%CI) †	OR* (95%CI) ‡
	AMD grade 1	1.03	1.04
	n=1552	0.77-1.38	0.76-1.40

* in all analyses the comparison group are those with ARM grade 0, n= 2024 with data on full confounders † adjusted for age and sex ‡ adjusted for age,sex, smoking, education, BMI, alcohol consumption, cardiovascular disease, aspirin use, systolic blood pressure, alpha-tocopherol ratio, vitamin C, lutein
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