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Abstract
● AIM: To determine the association between retinal 
vasculature changes and stroke. 
● METHODS: MEDLINE and EMBASE were searched for relevant 
human studies to September 2015 that investigated the 
association between retinal vasculature changes and the 
prevalence or incidence of stroke; the studies were inde-
pendently examined for their qualities. Data on clinical 
characteristics and calculated summary odds ratios (ORs) were 
extracted for associations between retinal microvascular 
abnormalities and stroke, including stroke subtypes where 
possible, and adjusted for key variables. 
● RESULTS: Nine cases were included in the study comprising 
20 659 patients, 1178 of whom were stroke patients. The 
retinal microvascular morphological markers used were 
hemorrhage, microaneurysm, vessel caliber, arteriovenous 
nicking, and fractal dimension. OR of retinal arteriole 
narrowing and retinal arteriovenous nicking and stroke 
was 1.42 and 1.91, respectively, indicating that a small-
caliber retinal arteriole and retinal arteriovenous nicking 
were associated with stroke. OR of retinal hemorrhage 
and retinal microaneurysm and stroke was 3.21 and 3.83, 
respectively, indicating that retinal microvascular lesions 
were highly associated with stroke. Results also showed 
that retinal fractal dimension reduction was associated 
with stroke (OR: 2.28 for arteriole network, OR: 1.80 for 
venular network). 

● CONCLUSION: Retinal vasculature changes have a specific 
relationship to stroke, which is promising evidence for 
the prediction of stroke using computerized retinal vessel 
analysis. 
● KEYWORDS: retinal image; vasculature; stroke; Meta-
analysis
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INTRODUCTION

T here is increasing evidence that small-vessel disease 
is a systemic vascular disorder that can be a major 

cause of stroke[1]. Retinal vasculature is a circulatory system 
in the eye that can been observed without invasive procedures 
and provides useful information about the microcirculation 
system in the body[2-4]. The retinal blood vessels are of the size 
and physiology similar to that of the cerebral small vessels[5]. 

Retinal image computing methods are being developed to 
assess retinal microvascular characteristics and the presence 
and severity of any changes in the vasculature system. The 
quantified retinal microvascular abnormalities might be useful 
as risk indicators for cerebrovascular diseases[6-7]. Some studies 
have shown that certain retinal microvascular abnormalities 
are associated with stroke and might act as surrogate markers 
for cerebral small-vessel diseases[8-9].
In this study, we aimed to identify the association between 
retinal microvascular changes, including retinal vessel caliber 
and pathologic lesions, and the risk of stroke, thus striving 
to clarify whether some correlation exists between retinal 
vasculature changes and stroke. 
MATERIALS AND METHODS
Eligibility Criteria  The patients of stroke were defined as 
those having a rapid onset of a new neurological deficit lasting 
more than 24h when the cause of the deficit was unclear. 
Herein, ‘‘stroke’’ was either a clinically diagnosed stroke, 
transient ischemic attack, or a cerebral infarct identified by 
brain imaging without a definite associated clinical feature 
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having been documented. We defined ‘‘incident stroke’’ as 
that which occurred after the patient had been enrolled in 
the study, and ‘‘prevalent stroke’’ as that which preceded 
patient enrolment in the study. Retinal vasculature changes 
were regarded as retinopathy, hemorrhage, microaneurysms, 
arteriovenous nicking, or narrowing of the retinal arterioles 
as well as fractal dimensional changes of the retinal vessel 
network. In these changes, focal arteriolar narrowing (AN) and 
arteriovenous nicking were defined by their definite or probable 
presence in any of four quadrants. Retinal hemorrhage is a 
breeding disorder of the eye. Retinopathy was defined as the 
definite or probable presence of any of the following lesions 
in any of the four quadrants of the retina: microaneurysms, 
hard exudates, macular edema, novel vessels, blot or flame-
shaped hemorrhages, or soft exudates or cotton wool spots. 
In our research, the signs of age-related maculopathy, such as 
exudative maculopathy, and retinal artery or vein occlusions 
were excluded for retinopathy. This study was approved by 
Ethics Committee of Nantong University and Declaration of 
Helsinki (2008).
Search Strategy  MEDLINE’s EMBASE, the most extensive 
biomedical database in the world, was comprehensively 
searched for relevant citations up to June 2016. While 
conducting the searches, no restrictions were imposed for 
time and language. Two subsets of citations were enhanced-
an indexing stroke or cerebral stroke-the other indexing were 
retinal vasculature and retinal microvascular morphology, 
including fractals. For developing these subsets, we used the 
following combination of subject headings and text terms used 
in medical literature: 1) exp retinal diseases/, (retina or retinal).
tw., microaneurysm.tw., soft exudates.tw., haemorrhage.tw., 
arteriovenous nicking.tw., macular edema.tw., cotton wool 
spots.tw., focal arteriolar narrowing.tw., fract$.tw., text*.,tw., 
dimension*.tw.; 2) stroke/, infarct*, palsy.tw., apoplexy.
tw., brain.tw., cerebral.tw., lacunar, cort*, ischemi?.tw.,; 
3) incidence/, exp mortality/, exp epidemiologic studies/, 
prognos$.tw., predict$.mp., course.tw., observ$.mp., risk:.mp., 
between group:.tw.; and 4) photography/, photomicrography/, 
photo$.tw., image$.tw., retinopathy.tw., and fundus.tw. We 
combined the terms to generate a subset of citations that 
addressed the objective of our research study. We also hand 
searched the reference lists of relevant articles for eligible 
studies. We examined the reference lists of all known primary 
and review articles to identify additional articles not captured 
by the electronic searches. The detailed search strategy is 
available from the authors. Two reviewers (Wu HQ and 
Wu H) independently examined the electronic searches and 
obtained full reports of all citations that were likely to meet the 
predefined selection criteria. Disagreements were resolved by 
consensus and after discussion with a third reviewer (Yu LY). 

Data Extraction and Analysis  Those studies meeting the 
quality standards, which were assessed using Grading of 
Recommendations Assessment, Development and Evaluation 
(GRADE) were included. GRADE was designed to evaluate 
the quality and validity of studies by assessing the quality 
of their directness, precision, publication bias, risk of bias, 
consistency of results, and magnitude of the effect. To be 
of good quality and included in our Meta-analysis, a study 
was based on prospective consecutive recruitment, such as 
randomized controlled trial (RCT) and cohort, or an adequate 
description of the study population was evaluated and 
independently interpreted. In each of the included studies, 
three individual researchers (Wu HQ, Wu H and Yu LY) 
independently extracted the raw data associated with age, 
sex, stroke numbers, retinal vasculature changes and total 
study numbers. In instances in which the raw data could not 
be extracted or calculated, we obtained the information by 
contacting the authors of the manuscripts. We computed the 
measurements of retinal microvascular abnormalities after 
adjusting for different risk factors, such as age, sex, and systolic 
blood pressure, in patients with stroke and compared these 
parameters to those of normal individuals who participated in 
this study as the control group. For improving the accuracy of 
these tests, subgroup analyses were used to identify the test-
related or other factors responsible for heterogeneity. In this 
study, RevMan ver. 5.3 (http://community archive.cochrane.
org/editorial and publishing policy resource/review manager 
revman) was used to perform the Meta-analysis. The odds 
ratio (OR) and its 95% confidence interval (CI), or log OR 
and its standard error (SE) were calculated for statistical 
analyses. Heterogeneity was established using the Chi-
squared test and quantified by I2. In general, I2<25% indicates 
that the heterogeneity of research studies is low. When I2 is 
between 25% and 50%, the heterogeneity of research studies 
is moderate. I2>50% indicates that heterogeneity of research 
studies has the capacity impact the results[9]. If significant 
heterogeneity was detected in our Meta-analysis, the random 
effects model was used to pool the measurements. P<0.05 was 
regarded as statistically significant. 
RESULTS
The literature search yielded 2126 references, 9 articles[10-18] of 
which were eligible for inclusion in the study. Figure 1 outlines 
the study selection.
Summary Characteristics of Included Studies  Nine trials 
were retrieved for detailed data extraction (Table 1). The nine 
studies included in the analysis were from Europe, America, 
Australia, and Asia. There were 20 659 patients, including 
1178 who had strokes with subtypes such as large artery, 
cardioembolic stroke, lacunar stroke, ischemic stroke, and 
cortical stroke, using brain magnetic resonance imaging (MRI) 
as the gold standard for diagnosis. All studies were assessed 
based on the inclusion and exclusion criteria [14]. The average 
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age of the study population was comparable (range, 48.8 to 
79y), and the fundus images taken were all optic-disk (OD) 
centered. Meta-analyses were performed on all studies after 
adjusting for different risk factors.
Retinal Arteriole Narrowing and Stroke  Five studies[12-15,18] 

showed moderate heterogeneity (P=0.13, I2=44%); the total 
effect size OR in this study was 1.42 (95% CI: 1.18, 1.70) 
and Z value was 3.79 (P<0.05), suggesting that retinal artery 
narrowing might be associated with stroke (Figure 2).
Diabetic Retinopathy and Stroke  Three studies[10-11,17] 
showed low heterogeneity in this study (P=0.58, I2=0); the 

total effect size OR was 2.98 (95% CI: 1.95, 4.54) and Z value 
was 5.06 (P<0.05), suggesting that the presence of diabetic 
retinopathy (DR) might be associated with stroke (Figure 3).
Retinal Arteriovenous Nicking and Stroke  Three studies[13-14,18] 
showed low heterogeneity in this study (P=0.71, I2=0); the total 
effect size OR was 1.91 (95% CI: 1.56, 2.35) and Z value was 6.19 
(P<0.05), suggesting that retinal arteriovenous nicking might be 
associated with stroke (Figure 4).
Retinal Hemorrhage and Stroke Three studies[14,17-18] showed 
some heterogeneity in this study (P=0.07, I2=63%); the total 
effect size OR was 3.21 (95% CI: 2.24, 4.59) and Z value 
was 6.37 (P<0.05), suggesting that the occurrence of a retinal 
hemorrhage might be associated with stroke (Figure 5).
Retinal Microaneurysm and Stroke Three studies[14,17-18] 

showed some heterogeneity in this study (P=0.08, I2=61%); the 
total effect size OR was 3.83 (95% CI: 2.75, 5.34) and Z value 
was 7.92 (P<0.05), suggesting that a retinal microaneurysm 
might be associated with stroke (Figure 6).
Retinal Fractals and Stroke  One study[16] showed that 
decreased spectrum fractal dimension (SFN; 95% CI: 
-2.03, -1.46) was associated with stroke, while another two 
studies[19-20] indicated that OR was 1.85 and 2.28 for arteriole 
network and 1.80 for venular network (Table 2).
DISCUSSION
Cerebral stroke, one of the most common of all brain diseases, 

Table 1 The characteristics of included studies 

Studies Year Retinal feature Control Stroke Mean age Female 
ratio Stroke types Cigarette 

smoker
El-Asrar et al[10] 2002 DR 640 8 48.8 47.5% Prevalent stroke /
Petitti and Bhatt[11] 1995 DR 52 52 67 48.0% Prevalent stroke 63.5%
Wong et al[12] 2003 AN 1610 94 78.5 61.1% Prevalent stroke 56.8%
Longstreth et al[13] 2007 AN 897 496 78.3 60.3% Prevalent stroke 13.0%

AVN 939 496 78.3 60.3% Prevalent stroke 13.0%

Cooper et al[14] 2006 AN 1428 164 62.2 59.8% Prevalent stroke 20.6%

AVN 1462 173 62.2 59.8% Prevalent stroke 20.6%

Hemorrhage 1422 169 62.2 59.8% Prevalent stroke 20.6%

Microaneurysm 1311 151 62.2 59.8% Prevalent stroke 20.6%

Kwa et al[15] 2002 AN 71 108 61.9 62.0% Prevalent stroke 6.1%
Kawasaki[16] 2011 SFD 184 101 74 58.0% Incident stroke 7.3%
Cheung et al[17] 2007 DR 1471 75 60.1 47.0% Incident stroke /

Hemorrhage 1511 79 60.1 47.0% Incident stroke /

Microaneurysm 1474 75 60.1 47.0% Incident stroke /

Wong et al[18] 2001 AN 10358 110 53.6 55.7% Incident ischemic 
stroke 32.6%

AVN 10264 94 53.6 55.7% Incident ischemic 
stroke 32.6%

Hemorrhage 10095 92 53.6 55.7% Incident ischemic 
stroke 32.6%

Microaneurysm 9866 89 53.6 55.7% Incident ischemic 
stroke 32.6%

/: Not given in paper and unable to calculate from data; DR: Diabetic retinopathy; AN: Arteriolar narrowing; AVN: Arterio-venous nicking; 
SFD: Spectrum fractal dimension.

Figure 1 Flow chart of study selection.
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Figure 5 Retinal hemorrhage and stroke.

Figure 6 Retinal microaneurysm and stroke.

often results in cerebral infarction or cerebral hemorrhage, 
thus seriously affecting a patient’s health. During the last 
decade, the number of stroke-related deaths increased by 26% 
(95% CI: 14%-32%) and disability-adjusted life-years by 19% 
(5.0%-26%), making stroke the second leading worldwide 
cause of death[21-22]. For stroke diagnosis, MRI is an appropriate 
powerful tool for observing the pathological changes in an 

artery in vivo and subtyping stroke, and thus could be the gold 
standard imaging technique for cerebral stroke diagnosis; 
however, the high cost of MRIs becomes an obstacle that 
limits its assessment on a large number of subjects. Recently, 
retinal imaging techniques have been widely used for their 
convenience and low cost to investigate small cerebral infarcts 
detected by cerebral computerized tomography (CT) or MRI[14-15]. 

Figure 2 Retinal arteriole narrowing and stroke.

Figure 3 DR and stroke.

Figure 4 Retinal arteriovenous nicking and stroke.

Retinal vasculature changes and stroke
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The reason that retinal blood vessels are such biomarkers for 
cerebral microvascular diseases diagnosis and monitoring 
lies with the fact that they share common anatomical and 
physiological features with cerebral arterioles[14-15,23-24]. 

Retinal microvascular abnormalities, such as microaneurysms 
and arteriovenous nicking on fundus during stroke, can be 
photographed with a fundus camera. In addition, the quality of 
retinal vessel assessment might be more objective with the aid 
of computer image-processing techniques. 
As indicated by studies on hypertensive retinopathy, retinal 
vasculature changes are associated with hypertension[25-26]. 
These findings are supported by data from epidemiological 
studies using less-quantitative clinical assessments of retinal 
images[27]. More recent studies have described the association 
between retinal arterial sclerosis and small infarcts detected by 
cerebral CT or MRI[15,28].
In this review, we summarized the association between 
retinal vessel vasculature changes and stroke by investigating 
relevant clinical studies. We found significant associations 
between cerebral stroke and the degree of retinal vasculature 
changes, such as arteriole narrowing and arteriovenous 
nicking. The findings were consistent with the biological 
mechanisms that, during the process of stroke, would cause 
a series of degenerative changes to small blood vessels, such 
as fibrinoid degeneration, fibrous nodules, fibrohyalinoid 
thickening, and calcification[29]. It is logical that retinopathy 
should predict stroke accompanied by diffuse microvascular 
changes[4,14,30]. Our analysis is also consistent with recent 
findings on the association between retinal microvascular 
signs and clinical stroke[26], and we grouped various studies on 
certain retinal vessel changes and stroke outcomes. It has been 
shown that the presence of DR is also associated with stroke. 
In addition, stroke is associated with hemorrhage, fractals, 
microaneurysms, arteriovenous nicking, and retinal arteriole 
narrowing. Based on the results of our study, decreased retinal 
fractal dimension might represent a diminishing physiological 
measure in the cerebral and microcirculatory vasculature, 
which is more vulnerable to damage from risk factors 
associated with stroke. Interestingly, some investigations have 
shown that retinal vessels go through physiological changes 
with aging[18,31], which is consistent with findings of the 
studies included in our Meta-analysis that older populations 
with stroke will have more retinal abnormalities. 
This Meta-analysis had some limitations. First, included 
populations were not from the same region and the sex 
distribution was not uniform in among the research groups. 

Second, differential errors could be attributed to the diverse 
photographic procedures and retinal vessel caliber. Third, 
despite the relatively large population size from which cases 
were derived, the number of stroke patients was small. In 
addition, there were missing data, which might have had 
unpredictable effects on multivariate estimates of risk. The 
indicators we included in the final analysis are the most 
common pathological changes, such as hemorrhage and 
aneurysm, but other important indicators, such as tortuosity 
and exudates, were not summarized because of the lack of data. 
Despite the study limitations, the strength of the association 
between retinal vasculature changes and stroke is encouraging, 
especially given the consistency among the studies. This 
suggests that retinal examination offers an excellent way by 
which to non-invasively investigate the effects of common 
vascular risk factors on small vessels and gain a better under-
standing of the pathophysiological processes involved in 
cerebral small-vessel disease. Retinal vasculature changes 
have specific relationships with stroke, which is a promising 
evidence for further computerized retinal vessel analysis. 
We encourage more studies on these relationships and other 
important indicators, such as tortuosity and exudates. 
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