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Abstract

Aims: To summarise the available findings from published research that has focussed on
the effect of diet on retinal microvascular characteristics.

Design: Systematic review.

Methods: A systematic Medline, EMBASE and PubMed search of relevant articles was
conducted with coverage from the January 1, 1970 up to the January 10, 2013. Search
terms were pilot tested for accuracy and modified. Articles were systematically excluded
if the title and abstract were not relevant and full text manuscripts were obtained for all
studies that were potentially relevant.

Results: After combining all searches, 5370 abstracts were identified and screened. Of
these 20 were considered potentially relevant and full articles were retrieved for further
evaluation. Eleven of these studies did not meet the inclusion/exclusion criteria, leaving 9
studies to be included in the review.

Conclusions: To date, it has been suggested that a low glycemic Index (Gl) diet, high
dietary fibre intake and regular fish consumption attenuate retinal arteriolar narrowing
and retinal venular widening which has been associated with adverse cardiovascular
outcomes. Conversely, it has been suggested that a high Gl diet may predispose an
individual to adverse retinal microvascular changes.
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Background

Retinal blood vessels are readily viewable via non-invasive retinal photography.'
Previous methods of measuring retinal vascular characteristics involved subjective
clinical examination of arterio-venous ratio (AVR) via fundoscopy, which proved
variable and of limited value as a predictor of increased risk of cardiovascular
related diseases. More recently, reproducible computer-based imaging programs
have been employed to quantitatively measure retinal vasculature.? These assess-
ments provide a means to study early structural changes that provide important
information regarding the state of retinal microcirculation.?

The vascular architecture of the retina is believed to follow an optimal pattern
which allows for best possible blood distribution while utilising the least amount
of energy.* Any deviations from this normal structure, most notably in the form
of retinal arteriolar narrowing and retinal venular dilation, can be an indication of
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pathogenic processes.* Research suggests that retinal microvascular dysfunction
may be a predictive factor in the development of various cardiovascular, cerebro-
vascular and metabolic-related diseases.> Strong associations have been found
between wider retinal venular calibre and narrower retinal arteriolar calibre and the
incidence of coronary heart disease (CHD)® and vascular abnormalities in cerebral
microcirculation.’ Furthermore, a definitive link between narrower retinal arteriolar
calibre and hypertension development” and wider retinal venular calibre and the
increased risk of incident stroke® has been reported in the literature.

Previous research has established strong links between diet and the develop-
ment of macrovascular®'' and microvascular complications.'>'* To date, several
studies have suggested that diet may be a determinant of retinal vascular structure.
Dietary fibre and fish consumption as well as the consumption of high glycemic
index (Gl) foods have been associated with retinal vascular alterations. Despite this,
large gaps in current knowledge exist, including the association between diet and
retinal vascular calibre in healthy children and adolescents. This information would
reveal the physiological influence of diet on microcirculation while minimising
confounding systemic factors. The main aim of this review is to summarise the
available information from published research that has focussed on the effect of
diet on retinal microvascular characteristics.

Methods

Information sources and search strategy

A systematic Medline, EMBASE and PubMed search of relevant articles was
conducted with coverage from the January 1, 1970 up to the January 10, 2013.
Search terms were pilot tested for accuracy and modified until a final search
strategy could be used to achieve the desired outcome using all 3 databases. All
searches included a combination of the key terms: retinal vascular calibre, retinal
vascular caliber, retinal dilatation, retinal blood flow, retinal blood vessel*, retinal
vessel*, retinal vessel diameter, retinal microvascular caliber, diet*, food, nutri-
tion and nutrients. The search was not restricted by language but was limited to
studies conducted in humans. The reference lists of retrieved articles were utilised
to identify additional resources.

Study selection

Two reviewers (SK & KK) independently searched the 3 databases and screened the
resultant titles and abstracts. Articles were systematically excluded if the title and
abstract were not relevant and full text manuscripts were obtained for all studies
that were potentially relevant.

Eligibility and exclusion criteria

Randomised controlled trials, prospective, retrospective, cohort, case control,
and cross sectional studies were eligible for inclusion in the review. Studies that
involved any dietary factor and incorporated retinal vessel characteristics as a
primary outcome measure were included. There was no restriction placed on the
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method of vascular microvascular analysis. Nor was there any restriction on partici-
pant ethnicity. Those studies that examined associations between lifestyle factors
(E.g. smoking, supplement consumption and physical activity) and retinal micro-
vasculature were excluded. Review articles were excluded.

Results

After combining all searches, 5370 abstracts were identified and screened. Of
these 20 were considered potentially relevant and full articles were retrieved for
further evaluation. Eleven of these studies did not meet the inclusion/exclusion
criteria, leaving 9 studies to be included in the review (Table 1). Of the excluded
studies, 3 were review articles, 2 were duplicates and 6 did not directly examine
the association between dietary factors and retinal vasculature (Fig 1). There was
complete agreement between the reviewers for eligibility. A meta-analysis was not
performed due to the small number of articles.

Fig 1. Summary of study selection process
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Glycemic index

Dietary glycemic index (Gl) provides a measure of carbohydrate quality, ranking
carbohydrates according to their effect on postprandial blood glucose excursions.™
Previous studies have suggested that diets high in cereal fibre are associated with
a lower risk of cardiovascular disease and lower blood pressure.’* Conversely, it has
been proposed that in the absence of a high fibre diet, diets with a high glycemic
load have been associated with small vessel dysfunction and therefore may
contribute to the development of diabetes, cardiovascular disease and stroke."
Gopinath' examined the effects of high-Gl and high-glycemic load diets, carbo-
hydrates and main carbohydrate containing food groups on retinal vascular calibre
changes in 2353 pre-adolescent individuals and found that those children who
consumed soft drink once or more per day had a narrower retinal arteriolar calibre
than those who never or rarely consumed soft drinks (p=0.03). A higher-Gl diet was
associated with narrower retinal arteriolar calibre in girls only. Overall, a greater
consumption of carbohydrates and soft drinks was associated with narrower retinal
arterioles (p=0.01) and wider retinal venules (p=0.002). As previous research®®'¢ has
found associations between microvascular signs of narrower retinal arterioles and
wider venules to the future risk of cardiovascular disease this finding may support
the promotion of healthy dietary patterns, including lower consumption of soft
drinks and high-Gl foods to children.

In alignment with Gopinath’s'* findings, associations between a high-Gl diet and
wider retinal venular calibre have also been found in adults."” Kaushik'” assessed
the relationship between dietary-Gl and low cereal fibre and retinal vascular calibre
characteristics in a large cohort of individuals (n=2897) over the age of 49 years and
noted that a higher dietary-Gl and lower cereal fibre intake were associated with
wider retinal venular calibre (p=<0.01). They further suggested that higher dietary-
Gl and lower cereal fibre intakes were associated with double the risk of stroke
related death, suggesting that a high-Gl diet may produce adverse changes in the
bodies microvasculature.” Although the mechanisms underlying the changes in
retinal venular calibre are still largely unknown it has been postulated that a high
Gl diet may result in the formation of advanced glycation end products in venular
walls resulting in endothelial dysfunction and vascular damage.'>'®

Dietary fibre

Diets high in dietary fibre have been associated with a reduced risk of cardio-
vascular morbidity.” Previous researchers have suggested that fibre may guard
against hypertension, dislipidemea and incident diabetes by attenuating arteri-
olar narrowing and venular widening, which are emerging risk factors associated
with these conditions.”?2! To date, only one study has examined the association
between dietary fibre intake and retinal vascular calibre in adults.?? The Athero-
sclerosis Risk in Communities Study (ARIC) recruited a large sample (n=15,792) of
white and African Americans and found that a higher intake of fibre was associated
with wider retinal arteriolar calibre (p=0.002) and narrower retinal venular calibre
(p=0.011). These findings are associated with a lower risk of cardiovascular disease
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and support other findings in highlighting the benefit of fibre intake in protecting
against cardiovascular disease. By contrast, a similar population based cohort study
conducted on children is not in agreement with these findings.?® Lim* assessed the
relationship between dietary fibre along with a number of other dietary factors
(protein, fat, cholesterol, carbohydrate and sugar intakes per day) and retinal
vascular calibre in 823 healthy Singapore Chinese children (mean age; 12.8+0.8)
and found that no significant association existed between any of the dietary
constituents and retinal vascular calibre. These findings suggest that the effect of
diet on microvasculature may only become evident later in life which could provide
evidence for a potential cumulative effect of diet on the retinal microvasculature.?®
Despite this, additional research is required to clarify these findings as unexplained
or unmeasured confounders may exist.

Fish consumption

Omega-3 polyunsaturated fatty acids appear to lower the risk of CHD and stroke.?*
To date only one study has examined the effects of fish consumption on retinal
microvasculature.?* Kaushik** utilised a large sample (n=2683) of Australian adults
(>49yrs) and found higher frequency of fish consumption was significantly associ-
ated with wider retinal arteriolar (p=0.002) and narrower retinal venular calibre
(p=0.02).These findings suggest that a higher consumption of fish may help protect
against vascular changes associated with coronary heart disease and stroke.?* This
association, however, was mainly seen in persons with hypertension which may
confound the outcome as retinal microvascular changes have been strongly associ-
ated with hypertension in adults. As this is the only study to date to evaluate the
association between fish consumption and retinal vascular calibre before any
conclusions can be drawn concerning this relationship further research needs to
be conducted.

Antioxidants

Several studies have highlighted the potential benefit of selected antioxidants
on various eye diseases such as diabetic retinopathy, uveitis and age related
macula degeneration.®? However, the relationship between antioxidants and
retinal vasculature remains poorly understood. Pemp's?® study on 21 adults aged
18-35 years found that the administration of antioxidants attenuated arteriolar
vasoconstriction during systemic hypoxia (p=0.04). This supports the suggestion
that antioxidants may reduce oxidative stress by reducing reactive oxygen species
which has been shown to contribute to cellular damage through endothelial
dysfunction.?® Although these results suggests that dietary antioxidant consump-
tion may be associated with positive microvascular outcomes, no inferences can
be made until the long term relationship between antioxidant intake and retinal
vascular calibre is explored.

Caffeine
Caffeineis the most frequently consumed stimulant worldwide, acting by increasing
blood pressure while increasing heart rate. Several studies have demonstrated the
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effects of caffeine on cerebral, coronary and ocular blood flow.>*32 A small prospec-
tive study (n=17) by Terai * is the only study to date that has investigated the effect
of caffeine on retinal vessel diameter. A significant vasoconstrictory response of
retinal arterioles (p=0.004) and venules (0.005) occurred one hour following caffeine
intake.3* This finding is consistent with earlier studies that assessed the effect of
caffeine on retinal circulation and found that caffeine significantly reduced retinal
blood flow in the optic nerve head and choroid retina.?®* It has been hypothesised
that these changes may be elicited by an auto-regulatory response of retinal blood
vessels to the increased blood pressure changes associated with caffeine intake.
Despite this, these results must be viewed with caution due to the small sample
size and the fact a control group was not employed to control for non-drug related
effects on the measured variables. Furthermore, Terai's*® findings are contradic-
tory to previous research that has suggested that the long term influence of high
caffeine consumption is not associated with cardiovascular disease risk® and in fact
may lower the risk of type 2 diabetes in younger to middle aged women.*” This
highlights the need for further research before any judgements can be made on
the role caffeine plays on human microvasculature.

Salt Intake

The role of sodium intake in end organ damage remains largely unknown, however,
it is increasingly becoming a focus of researchers due to its well described associa-
tion with cardiovascular disease. Most notably, strong associations have been
reported between high sodium intake and systolic hypertension.®® Raff *° analysed
the association between salt intake and retinal arteriolar structure in 40 adults
aged 44-75 years with treatment resistant hypertension. They found that retinal
arteriole wall thickness was directly associated with urinary sodium excretion
(p=0.008). This suggests that salt intake may influence the structure of retinal
arterioles, independent of blood pressure.* However, as this study examined only
structural changes in arterioles, the results cannot be directly related to retinal
vascular diameter measurements. Furthermore, these results may be confounded
by the presence of treatment resistant hypertension in participants as well as the
use of multiple antihypertensive drug therapies which have been shown to have
different influences on vascular structure.®**' Further research is required to aid
in understanding the relationship between sodium intake and retinal microvas-
culature. These studies should utilise standardised methods for retinal vascular
calibre assessment and focus on non-hypertensive participants as high current and
previous blood pressure has been consistently associated with retinal arteriolar
narrowing in children and adult cohorts.*>%

Plant sterol and -stanol consumption

Sterols such as sitosterol and campesterol are derived from various plant products
such as plant oils, nuts and seeds. Sterol and -stanol are often used as additives
in foods such as margarine to reduce serum LDL cholesterol concentrations.*
Although these products have been suggested to lower cardiovascular risk, some
researchers have indicated that high sterol concentrations may be atherogenic
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(the deposition of atheromas, lipids, and calcium in the arterial lumen).*® Kelly's*
randomised control trial on 30 participants aged 18 to 65 years is the only study
to date to assess the effects of long term plant sterol and -stanol consumption on
retinal vessel diameter changes. They found that increased serum campesterol
concentrations were associated with a wider retinal venular diameter (p=0.033).
These results suggest that plant sterols may be a biomarker for pathological
vascular function. However, before any judgements can be made on plant sterol
rich foods further research into the relationship between plant sterol consumption
and our microvascular system is required.

Discussion

Previous research has found associations between reduced risk of vascular disease
and the regular consumption of fish, dietary fibre and low Gl foods. Therefore, the
finding that some correlation exists between diet and retinal vessel diameter could
be expected and may not add to clinical practice.”’*® However, emerging evidence
has highlighted that the relationship between diet and vascular disease may in fact
be partly mediated by associated changes in the microcirculation.’”?2%* As such, the
use of retinal imaging to visualise human microcirculation may potentially provide
additional prognostic information beyond current traditional risk factors.

To date it has been suggested that a low Gl diet, high dietary fibre intake, and
greater frequency of fish consumption may protect against vascular disease
by attenuating retinal arteriolar narrowing and retinal venular widening.”?22*
Conversely, it has been suggested that a high Gl diet may predispose an individual
to adverse microvascular changes.” Although some link between changes in
retinal microvasculature and caffeine and antioxidants intake has been suggested,
further research is required before any judgements can be made as only short term
changes were examined. Furthermore, it is difficult to draw inferences into the
role sodium and sterol and -stanol play on human microvasculature until dietary
intakes of these agents are the primary exposure.

Emerging evidence suggests that retinal vascular calibre assessment has the poten-
tial to become a tool to better understand the pathophysiology of the body’s micro-
vasculature and aid in the prediction of several vascular diseases. ARIC found that
wider retinal venular calibre and narrower retinal arteriolar calibre were associated
with a 10 year increased risk of incident CHD in women.® Retinal arteriolar narrowing
has also been found to precede the development of clinical hypertension by years in
patients who displayed blood pressure in the normal range at baseline.® It has been
postulated that decreases in internal arteriolar lumen calibre occur early in the devel-
opment of hypertension and these changes are responsible for altering the body’s
hemodynamics and ultimately resetting blood pressure to a higher level.>’#° Further-
more, changes in retinal arterioles have been linked to changes in small cerebral
arteries that cause white matter lesions, while the presence and severity of coronary
artery occlusion has also been strongly associated with vascular calibre changes.>* A
wider retinal venular calibre on the other hand, has been to increased risk of incident
stroke, independent of traditional risk factors.®
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The mechanisms behind the retinal microvascular changes in calibre are incom-
pletely understood. Possible mechanisms for the development of smaller retinal
arteriolar calibreis that it is associated with hypertensive and arteriosclerotic micro-
vascular changes, endothelial dysfunction, and inflammatory changes which are
thought to be involved in the pathogenesis of various cardiovascular diseases.>'*2
A widening of retinal venular calibre on the other hand, may reflect an increase in
blood flow to maintain the tissue oxygen levels which also may be attributed to the
reduced supply of nutrients and an increased concentration of waste products, e.g.
lactic acidosis associated with retinal hypoxia.>*** An alternate hypothesis behind
venular dilation suggests that inflammation associated with increased nitrous
oxide levels may be partly responsible for this variation in retinal venules.>> From
this it appears that variations in retinal arteriolar and venular calibre may reflect
different pathophysiological processes.

Whilst many of these studies''7?*?* included large sample sizes, caution must be
observed in interpreting the findings of Raff,>® Pemp,* Terai** and Kelly*® due to the
inclusion of a relatively small sample sizes. Furthermore, several studies included in
this review?*3034353° did not utilise standard protocols for retinal vascular diameter
assessment and therefore the results must be viewed cautiously. Additionally, some
of the studies'*?* reported only small variations in retinal vascular calibre. Despite
this, it has been shown that even a small reduction in retinal arteriolar calibre is
associated with clinically significant changes in blood pressure. For example, a
1.1 micron reduction in arteriolar calibre was associated with a 10 mmHg higher
systolic blood pressure.®® As computerised methods are not available clinically,
subjective AVR measurements may still have some utility clinically. More guidance
surrounding AVR assessment is required in future research.

The majority of the studies included in this review most assessed associa-
tions between dietary factors and retinal microvasculature in adults. However, to
develop an understanding of the effect of dietary factors on retinal vessels the
study of calibre in children may provide additional insights as they are generally
exposed to fewer potentially confounding systemic and environmental factors
than adults. Lim's?® study suggested that the effect of diet on microvasculature may
only become evident later in life and therefore studying the effect of dietary factors
on retinal vasculature in children is not warranted.”® However, the food frequency
questionnaire utilised in that study was not validated in children and exposures
that have been shown to influence retinal vasculature, such as birth parameters,
were not assessed and as such their findings may have been confounded. Further-
more, more recent studies that have examined the effect of carbohydrates on
retinal vascular calibre in children and young adults have found significant associa-
tions.'*** These contradictory findings highlight that the physiological influence of
diet on retinal vascular calibre remains relatively unclear.

In summary, an individual with a healthy diet, including low Gl foods, high dietary
fibre intake and regular fish consumption, is more likely to have a characteristic
retinal microvascular pattern of wider retinal arteriolar and narrower retinal venular
diameters. Conversely, the opposite (narrower retinal arterioles and wider venules)
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is more likely in those with a poor diet, consisting of high intakes high-Gl foods.
Narrower retinal arterioles and wider venules have been suggested to reflect micro-
vascular dysfunction associated with the development of various cardiovascular,
cerebrovascular and metabolic diseases. Despite this, it is important to note that
most of the inferences in this review are based on the findings from one study and
as such a major gap in the literature has been highlighted. Perhaps most impor-
tantly, the association between diet and retinal vascular calibre in healthy child and
adult cohorts in whom the association is less likely to be confounded by disease
states should be investigated.
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Table 1. Studies examining the association between dietary factors and retinal microvasculature, by year of publication.

Reference; country/ | Nutrient/s Sample size; Method of
A ' . " | Ethnicity Study type retinal vessel | Adjustments Outcome; p value
setting of study examined age
measurement
Terai et al (2012) Caffeine n=17; German Prospective Retinal Vessel | None stated Significant vasoconstrictory
Germany 22-35yrs Analyser response of retinal arteri-
olar (p=0.004) and venular
diameters (p=0.005) occurred
following caffeine intake
Raff etal (2012) Sodium n=40; German Observational | Scanning Age & BMI
Germany 44-75yrs laser Doppler Vessel diameter of retinal
flowmetry arterioles was associated with
urinary sodium excretion
(p=0.008)
Gopinath et al (2012) Carbohydrates | n=2353; mean | Australian Random IVAN Age, sex, ethnicity, axial Children who consumed soft
Australia age 12yrs cluster sample length, BMI, MAPD, & fellow drinks once or more per day
vessel calibre had significantly narrower
retinal arterioles (p=0.03),
a greater consumption of
carbohydrates was associated
with a narrowing of retinal
arterioles (p=0.01) and a
widening of retinal venular
calibre (p=0.002)
Kelly et al (2011) Plant sterol n=30; Dutch Randomised IVAN None stated Increased serum campesterol
Netherlands and -stanol 18-65yrs control trial concentrations were associated

with a wider retinal venular
diameter (p=0.033)
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Table 1 continued. Studies examining the association between dietary factors and retinal microvasculature, by year of publication.

Study

study

terol, white cell and platelet
counts, qualifications,
self-rated health, past history
of heart disease and total
vegetable and fat intakes

Reference; country/ | Nutrient/s Sample size; Method of
A ' . " | Ethnicity Study type retinal vessel | Adjustments Outcome; p value
setting of study examined age
measurement
Kaushik et al (2009) Glyceamic n=2897; Australian Population IVAN Age, sex, systolic and diastolic | Increasing Gl diets were
Blue Mountains Eye index >49yrs based cohort blood pressure, BMI, smoking, | associated with retinal venular
Study study educational qualifications, calibre widening (p=<0.01)
fair of poor self-rated health,
diabetes mellitus, history of
coronary heart disease, and
total vegetable, saturated fat
and fish consumption
Pemp et al (2010) Antioxidants n=21; Italian Randomised, | Dynamic None stated The administration of
Vienna 18-35yrs double- Vessel antioxidants was associated
masked, Analyser with a significant reduction
placebo in vasoconstriction of retinal
controlled, arterioles (p=0.040)
parallel group
study
Lim et al (2009) Dietary fiber, n=823; mean Singapore Population IVAN Age, gender, BMI, and mean No significant association
Singapore protein, fat, age 12.8yrs Chinese based cohort arterial blood pressure existed between any of the
cholesterol, study dietary constituents and retinal
carbohydrate vascular calibre
and sugar
intakes
Kaushik et al (2008) Fish n=2683; Australian Population IVAN Age , gender, MABP, BMI, Statistically significant associa-
Blue Mountains Eye >49yrs based cohort smoking, glucose, choles- tions were found between

an increased frequency of

fish consumption and wider
retinal arteriolar (p=0.002) and
narrower retinal venular calibre
(p=0.02)
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Table 1 continued. Studies examining the association between dietary factors and retinal microvasculature, by year of publication.

study

alcohol intake, diabetes
status, BMI, physical activity,
systolic and diastolic blood
pressure, serum lipids, dietary
factors from both food and
supplements and other
sources of fiber

Reference; country/ Nutrient/s Sample size; L CL I
A ' y . P " | Ethnicity Study type retinal vessel | Adjustments Outcome; p value
setting of study examined age
measurement
Kan et al (2007) USA Dietary Fiber | n=15792; American Population IVAN Sex, race, smoking status, A high fiber consumption
45-64yrs based cohort occupation, education, was positively correlated with

wider retinal arteriolar calibre
(p=0.002) and narrower venular
calibre (p=0.011)

Asian Journal of OPHTHALMOLOGY - 205




