
408 GERIATRICS & AGING • June 2006 • Volume 9, Number 6

a b s t r a c t

Hypertensive Retinopathy as a Risk
Marker of Cardiovascular Disease
Rachel L. McIntosh, B.Orth, Grad Dip Journ, Research Orthoptist, Retinal Vascular
Imaging Centre, Eye Research Australia, University of Melbourne, Melbourne, Australia.

Tien Y.Wong, FRANZCO, FRCSE, PhD, Associate Professor of Ophthalmology, Retinal 
Vascular Imaging Centre, Eye Research Australia, University of Melbourne, Melbourne,
Australia.

CARDIOVASCULAR DISEASE

Hypertensive retinopathy refers to a
series of clinical signs seen in the retina in
persons with elevated blood pressure.1

Hypertensive retinopathy signs can be
broadly classified into diffuse retinal
signs, such as generalized arteriolar nar-
rowing and arteriolar wall opacification,
and localized signs, such as focal arterio-
lar narrowing, arteriovenous (AV) nick-
ing, and blot and flame-shaped
hemorrhages, cotton wool spots, and
microaneurysms.2

International hypertension manage-
ment guidelines, including the U.S. Joint
National Committee on Prevention,
Detection, Evaluation, and Treatment of
High Blood Pressure (JNC), support an
assessment of hypertensive retinopathy
signs for risk stratification.3 These guide-
lines suggest that hypertensive retinopa-
thy, along with left ventricular
hypertrophy and renal impairment, can
be considered indicators of target organ
damage. 

Classification and Epidemiology
The traditional classification of hyperten-
sive retinopathy, based on the work by
Keith, et al.,4 typically consists of four
grades of hypertensive retinopathy with
increasing severity. Grade 1 consists of
“mild” generalized retinal arteriolar nar-
rowing; grade 2 consists of “more severe”
generalized narrowing, focal areas of
arteriolar narrowing, and AV nicking;
grade 3 consists of grade 1 and 2 signs
plus the presence of retinal hemorrhag-
es, microaneurysms, hard exudates, and
cotton wool spots; and grade 4, some-

times referred to as accelerated (malig-
nant) hypertensive retinopathy, consists
of signs from the three previous grades
with the addition of optic disc swelling
and macular edema. One of the major
limitations of this classification system is
the difficulty in distinguishing early
hypertensive retinopathy grades (e.g.,
grade 1 from grade 2); thus, a modified
classification has been recently proposed
(see below). 

Recent population-based studies
have provided data on the prevalence
of various hypertensive retinopathy
signs in the general population. Data
from these studies indicate that hyper-
tensive retinopathy signs, defined from
retinal photographs, are seen in 3–14%
of adult individuals 40 years and
older.5–10 

There are fewer studies on the long-
term incidence of new hypertensive
retinopathy signs. Data from the Beaver
Dam Eye Study, a study of 4,926 adults
aged 43–86 years in Wisconsin, showed
that the five-year incidence of focal arte-
riolar narrowing, AV nicking, and retinal
hemorrhages and microaneurysms in
people without diabetes ranged from
6–10%.7

Associations with 
Cardiovascular Risk Factors
and Disease
Blood Pressure
There is strong evidence that hyperten-
sive retinopathy signs have a graded
and consistent association with blood
pressure (Table 1).5–10 In the Beaver

Hypertensive retinopathy has long
been regarded as a risk indicator of
mortality in persons with severe
hypertension, but its value in con-
temporary clinical practice is uncer-
tain. New population-based studies
now show that hypertensive
retinopathy signs are common in the
general population of adults age 40
and older, including persons without
a clinical diagnosis of hypertension.
Some hypertensive retinopathy signs
are associated not only with concur-
rent blood pressure levels, but with
past blood pressure levels as well,
suggesting that they reflect chronic
hypertensive damage. Mild hyper-
tensive retinopathy, such as general-
ized and focal retinal arteriolar nar-
rowing and arteriovenous nicking,
are only weakly associated with car-
diovascular diseases. In contrast,
moderate hypertensive retinopathy,
such as retinal hemorrhages, cotton
wool spots, and microaneurysms, are
strongly associated with both sub-
clinical and clinical cardiovascular
diseases, including stroke and con-
gestive heart failure. Thus, a clinical
assessment of hypertensive retinopa-
thy signs in older persons may pro-
vide useful information for cardio-
vascular risk stratification.
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Dam Eye Study, hypertensive individ-
uals were 50–70% more likely to have
retinal hemorrhages and microa-
neurysms, 30–40% more likely to have
focal arteriolar narrowing, and 70–80%
more likely to have AV nicking than
normotensive people. In addition, the
Beaver Dam Study showed that per-
sons with uncontrolled hypertension
(defined as those whose blood pressure
was still elevated despite the use of anti-
hypertensive medications) were more
likely to develop retinopathy signs than

individuals whose blood pressure was
controlled with medications. 

Several recent population-based
studies have used retinal photography to
define hypertensive retinopathy signs,
including computer-based imaging
methods to measure retinal arteriolar
diameters. One study that has utilized
this technology is the Atherosclerosis
Risk In Communities (ARIC) study, a
population-based cohort investigation of
cardiovascular disease in persons aged
45–64 years selected from four U.S. com-

munities. This study demonstrated that
generalized retinal arteriolar narrowing,
indicated by narrower arteriolar diame-
ters from photographs, was strongly
associated with elevated blood pressure. 

Data from ARIC and other studies
provide evidence that the pattern of asso-
ciations of blood pressure with specific
hypertensive retinopathy signs varies.
Generalized retinal arteriolar narrowing
and AV nicking appear to be markers of
cumulative, long-term hypertension
damage, and are independently linked

Systemic associations Retinal hemorrhage Microaneurysm Cotton wool AV nicking Focal arteriolar Gen. arteriolar 
spots narrowing narrowing

Current blood pressure +++ +++ +++ +++ +++ +++

Past blood pressure +++ +++

Carotid artery disease +++ +++ +++ ++

Clinical stroke +++ +++ +++ ++ +

Subclinical cerebral disease +++ +++ +++ ++

Cognitive impairment +++ +++ +++

Coronary heart disease + + + ++

Congestive heart failure +++ +++ +++ + + +

Incident hypertension ++ ++

Incident diabetes ++

Renal dysfunction +++ +++ +++ +

Cardiovascular mortality +++ +++ +++ +

Inflammation + +

Metabolic syndrome + + + + + +

Legend: +++ = Strong association (relative risks/odds ratios >2.0), ++ = Moderate association (1.5 to 2.0), + = Weak association (<1.5)

Table 1: Cardiovascular Associations of Hypertensive Retinopathy Signs

Retinopathy Description

Mild One or more of the following signs: generalized arteriolar narrowing, focal arteriolar narrowing, arteriovenous nicking,
arteriolar wall opacity (silver-wiring)

Moderate Mild retinopathy with one or more of the following signs: retinal hemorrhages (blot, dot, or flame-shaped),
microaneurysms, cotton wool spots, hard exudates

Severe Moderate retinopathy signs plus optic disc swelling; may be associated with visual loss

Table 2: Classification of Hypertensive Retinopathy



www.geriatricsandaging.ca 411

Hypertensive Retinopathy

with past blood pressure levels measured
five to eight years prior to the retinal
assessment.11 In contrast, focal arteriolar
narrowing, retinal hemorrhages, microa-
neurysms, and cotton wool spots reflect
more transient changes of acute blood
pressure elevation, and are linked only
with concurrent blood pressure measured
at the time of the retinal assessment.11

Data from population-based stud-
ies suggest that generalized retinal arte-
riolar narrowing, a marker of blood
pressure damage, may in fact predict the
development of incident hyperten-
sion.12,13 The ARIC study showed that
normotensive participants who had
generalized arteriolar narrowing were
60% more likely to be diagnosed with
hypertension within a subsequent three-
year period than normotensive individ-
uals without arteriolar narrowing,
independent of pre-existing blood pres-
sure levels, body mass index, and other
known hypertension risk factors.12 

Atherosclerosis Risk Factors
In contrast to its strong association with
blood pressure, hypertensive retinopathy
signs have not been consistently linked
to either direct measures of atherosclero-
sis or its risk factors (Table 1). The ARIC
study, for example, found that general-
ized arteriolar narrowing was associated
with carotid artery plaque but not steno-

sis, AV nicking was associated with
carotid artery stenosis but not plaque,
and focal arteriolar narrowing was not
related to either carotid artery measure.7

The association of hypertensive
retinopathy signs with inflammation and
endothelial dysfunction has recently been
investigated. Cross-sectional associations
of retinal arteriolar narrowing and AV
nicking with biomarkers of inflammation
(e.g., white blood cell counts) and
endothelial dysfunction (e.g., von Wille-
brand factor) have been reported in the
ARIC study7 and other groups.14 These
studies emphasize the fact that typical
signs of hypertensive retinopathy may be
related to vascular processes other than
blood pressure. 

Stroke and Cerebrovascular 
Disease
Strong associations between various
hypertensive retinopathy signs with both
subclinical and clinical cerebrovascular
disease and stroke mortality have been
reported. The ARIC study showed that
individuals with retinal hemorrhages,
microaneurysms, and cotton wool spots
were two to four times more likely to
develop an incident clinical stroke with-
in three years, even controlling for the
effects of blood pressure, cigarette smok-
ing, lipids, and other risk factors.15

Among the participants without stroke

or transient ischemic attack, hypertensive
retinopathy signs were also related to
changes in cognitive function,16 and cere-
bral white matter hyperintensity lesions
and atrophy.17,18 

A key observation arising from the
ARIC study was that the presence of
hypertensive retinopathy may offer
additional predictive value of clinical
stroke risk in individuals with MRI-
defined subclinical cerebral disease.
Individuals with both MRI-defined
white matter lesions and hypertensive
retinopathy were eighteen times more
likely to develop an incident clinical
stroke event than those without either
white matter lesions or hypertensive
retinopathy.17

Coronary Heart Disease and Heart 
Failure
Hypertensive retinopathy signs have also
been linked with both subclinical and
clinical coronary heart disease and con-
gestive heart failure. For example, there
have been studies showing associations
of various hypertensive retinopathy signs
with coronary artery stenosis on angiog-
raphy,19 and with incident coronary heart
disease and myocardial infarction.20 The
ARIC study reported that after control-
ling for pre-existing risk factors, individ-
uals with retinal hemorrhages,
microaneurysms, and cotton wool spots

Patient with Hypertension

Mild Hypertensive
Retinopathy

No Hypertensive 
Retinopathy

Severe Hypertensive 
Retinopathy

Equivocal Signs

Moderate Hypertensive
Retinopathy

• Routine care
• Closer monitoring of vascular risk

• Routine care

• Urgent hypertension treatment

• Consider ophthalmology referral in selected
 patients (e.g., borderline hypertension with
 no other target damage, patients with
 diabetes, patients with visual symptoms)

• Exclude diabetes
• Closer monitoring of vascular risk
• Possible indication for hypertension
 treatment and other risk factors

Medical history, examination,
appropriate laboratory

investigations and
management

Retinal Examination

Figure 1: Evaluation and Management of Patient with
Hypertensive Retinopathy
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were twice as likely to develop conges-
tive heart failure than individuals with-
out retinopathy.21 In fact, even among
individuals considered at low risk of
heart failure (those without pre-existing
coronary heart disease, diabetes, or
hypertension), the presence of hyperten-
sive retinopathy signs predicted a three-
fold increased risk of heart failure events.

Other Systemic Diseases and 
Cardiovascular Mortality
Anumber of systemic diseases have been
associated with different hypertensive
retinopathy signs (Table 1). In the ARIC
study, individuals with AV nicking, retinal
hemorrhages, microaneurysms, and cot-
ton wool spots were more likely to devel-
op renal dysfunction compared to those
without these signs, independent of blood
pressure, diabetes, other risk factors, and
hypertension status.22 Generalized retinal
arteriolar narrowing also predicts the inci-
dence of type 2 diabetes, independent of
traditional diabetes risk factors.16,23 

It has long been known that in per-
sons with untreated hypertension, hyper-
tensive retinopathy signs are indicators
of mortality.4 In a more recent analysis of
the Beaver Dam Eye Study, individuals
with retinal microaneurysms and retinal
hemorrhages were twice as likely to die
from cardiovascular events as those with-
out these signs.24 

Clinical Applications
How should physicians use these data?
Is a retinal examination still relevant in
today’s clinical practice? Recent studies
suggest that the information that can be
determined from an assessment of the
retinopathy status is independent of tra-
ditional risk factors, and the presence of
retinopathy signs appears to indicate sus-
ceptibility and the onset of preclinical sys-
temic vascular disease. For clinical utility,
a simplified, three-grade classification
system for hypertensive retinopathy is
shown in Table 2 and a suggested
approach for patients with various
hypertensive retinopathy grades is
shown in Figure 1. Patients with mild
hypertensive retinopathy signs (Figure
2a) will likely require routine care and

blood pressure control based on estab-
lished guidelines. Patients with moder-
ate hypertensive retinopathy signs
(Figure 2b) may benefit from further
assessment of cardiovascular risk (e.g.,
assessment of cholesterol levels) and, if
clinically indicated, appropriate risk
reduction therapy (e.g., cholesterol-low-
ering agents). Patients with severe hyper-
tensive retinopathy (Figure 2c) will
continue to need urgent immediate anti-
hypertensive management. 

It is uncertain at this time if hyperten-
sive retinopathy signs regress. There have
been clinical reports of regression of
retinopathy with control of blood pres-
sure.25 However, further studies are need-
ed to determine the value of monitoring
retinopathy status over time as an indica-
tion of changing cardiovascular risk. 

Conclusions
Research indicates that hypertensive
retinopathy is a risk marker of various
systemic vascular diseases. In particular,
recent studies show that moderate hyper-
tensive retinopathy signs (which occur in
up to 10% of adult persons 40 years and
older) are strongly associated with risk of
subclinical and clinical stroke, other cere-
brovascular outcomes, congestive heart
failure, and cardiovascular mortality
independent of traditional risk factors. A
clinical assessment of hypertensive
retinopathy signs may therefore pro-
vide important clinical information for
cardiovascular risk stratification.
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