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3. Timeline:  
  The intent of this analysis is to investigate the prospective association of the diabetic 
retinopathy and risk of incident ischemic stroke. Initial analyses and writing will take place 
between December 2003 and March 2004, final analysis between March 2004 and June 2004, 
and final writing and manuscript submission between July 2004 and October 2004. 
 
4. Rationale:   

The incidence of stroke, particularly ischemic stroke, is increased two to three fold in 
persons with diabetes.1-4 Improved prevention of stroke in persons with diabetes requires a 
greater understanding of its pathogenic mechanisms and identification of new risk factors.5 
Hypertension, the presence of coronary heart disease and peripheral vascular disease have all 
been identified as risk factors for stroke in these persons.6-10 Autopsy studies have further 
indicated that diabetic strokes are the result of occlusion of small deep penetrating arteries in the 
brain (cerebral microvascular disease).11-13 In contrast, the contribution of carotid artery disease 
(macrovascular disease) to the pathogenesis and risk of stroke in diabetic persons appears to be 
less important.6-8  

Diabetic retinopathy, a common microvascular complication in people, has long been 
hypothesized to predict stroke. However, although there have been several studies that have 
linked diabetic retinopathy with increased all-cause and cardiovascular mortality,14-16 there have 
been relatively few studies that have directly examined whether retinopathy predicts incident 
stroke or stroke-specific mortality.17,18 In a retrospective case-control study (56 cases and 56 age 
and sex matched controls), persons with diabetes who had an ischemic stroke were more likely to 
have retinopathy (odds ratio 4.0, 95% confidence interval, 1.0 to 14.5), after adjustment for 
blood pressure, smoking, random glucose and use of insulin.17 However, this study was limited 
by a small sample size and the use of medical records to define the presence of retinopathy. 



Two large prospective studies have shown inconsistent results. In the Wisconsin 
Epidemiological Study of Diabetic Retinopathy (WESDR), the presence of proliferative 
retinopathy, as quantified from retinal photographs, was associated incident stroke, with an age-
adjusted relative risk of 2.9 (95% confidence interval, 1.2-6.8) in older-onset diabetic persons 
taking insulin, and a relative risk of 6.0 (95% CI, 1.1-32.6) for persons not taking insulin.19 
Proliferative retinopathy was also associated with increased stroke mortality (relative risk 1.9, 
95% confidence interval, 1.0-3.4), after controlling for age, sex, duration of diabetes, 
glycosylated hemoglobin levels, and other factors.20 However, the WESDR found no association 
between mild and moderate levels of non-proliferative retinopathy with either stroke or stroke 
mortality. The United Kingdom Prospective Diabetes Study (UKPDS) identified several risk 
factors for stroke developing over an 8-year period in more than 3,000 Type II diabetics, but 
retinopathy, as graded from retinal photographs, was not a significant risk factor for stroke.21 

In the ARIC study, our previous cross-sectional analysis showed that level of diabetic 
retinopathy was not associated with prevalent stroke, after controlling for age, duration of 
diabetes, glucose and other risk factors in multivariable models.22 However, in the general ARIC 
population, we found an association between retinopathy (defined as microaneurysms, retinal 
hemorrhages, soft exudates and other lesions) and the 3-year incidence of stroke (relative risk of 
2.6, 95% CI, 1.6, 4.2), controlling for the effects of blood pressure, cigarette smoking and other 
stroke risk factors.23  

The purpose of our current study is to examine prospectively the relationship of diabetes, 
retinopathy and the 6-year incidence of ischemic stroke in the ARIC cohort. We will examine the 
association of diabetic retinopathy and risk of stroke in people with diabetes, controlling for 
known stroke risk factors (e.g., blood pressure, carotid artery disease) and factors related to 
diabetes severity (e.g., duration of diabetes, fasting glucose). We will also examine whether the 
presence of retinal microvascular disease increases the risk of ischemic stroke associated with 
diabetes status. Results of the study will shed further insights into the contribution of 
microvascular disease to risk of ischemic stroke in people with diabetes, a key hypothesis of 
diabetic strokes.  
 
Preliminary analysis 
There are approximately 60 incident ischemic strokes among diabetics (from Visit 3 to Dec 
2000). It is anticipated that there will be additional incident cases when analysis commences 
 

  No at risk No (%) incident ischemic stroke  
(up to Dec 2000) 

P-value 

No diabetes No retinopathy 8458 110 (1.3) <0.001 
 Retinopathy 426 15 (3.5)  
Diabetes No retinopathy 1133 33 (2.9) <0.001 
 Retinopathy 293 27 (9.2)  

  
5. Main Hypothesis/Study Questions: 
 

(1) Hypothesis 1: In persons with diabetes, the presence and level of retinopathy (mild, 
moderate, severe) is associated with a higher incidence of ischemic stroke, independent 
of age, gender, race, blood pressure, carotid artery disease, fasting glucose, duration of 
diabetes, and other risk factors. This analysis will be confined to people with diabetes in 
the ARIC study (n=1,400) 

(2) Hypothesis 2: In the general population, the presence of retinal microvascular disease 
(retinopathy, and retinal arteriolar disease) increases the risk of ischemic stroke 



associated with diabetes status, independent of other stroke risk factors (i.e. interaction 
between diabetes and retinal microvascular disease on risk of stroke).  This analysis will 
be examine participants in the entire ARIC study (n=10,000)  

 
6. Data (variables, time window, source, inclusions/exclusions): 

(1) Diabetic retinopathy variables. Diabetic retinopathy presence and severity score. 
Macular edema and hard exudates.  

(2) Retinal arteriolar variables. Focal retinal microvascular changes (arteriovenous nicking, 
focal arteriolar narrowing, retinal hemorrhage, type of hemorrhage, microaneurysms and 
soft exudates). Generalized arteriolar narrowing (retinal arteriole-to-venule ratio (AVR), 
central retinal arteriolar equivalent, central retinal venular equivalent).  

(3) Incident ischemic stroke and follow-up time 
(4) Covariates: age, sex, race, center, diabetes, hypertension, systolic and diastolic blood 

pressure, fasting glucose, fasting insulin, lipids, hemostatic and inflammatory markers 
(von Willebrand factor, factor VIIIc, fibrinogen, WBC), cigarette smoking, alcohol 
consumption, body mass index  

(5) Exclusion criteria: From participants at ARIC visit 3 (n=12,887), exclude persons who 
whose race is not black/white, with ungradeable retinal photographs or missing retinal 
variables at visit 3 and prevalent stroke up to visit 3. 

  
7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    _X_ No 
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with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 
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8.a. Will the DNA data be used in this manuscript?   ____ Yes    _X_ No 
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