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Background: Small vessel disease may contribute to the
risk of cardiovascular disease in older persons. We de-
scribe the relation of retinal vascular caliber to incident coro-
nary heart disease (CHD) and stroke in elderly persons.

Methods: Prospective population-based cohort study
composed of 1992 men and women aged 69 to 97 years
living in 4 US communities. Retinal arteriolar and venu-
lar calibers were measured from retinal photographs us-
ing a computer-assisted method. Incident CHD and stroke
events were ascertained using standardized methods.

Results: After 5 years of follow-up, there were 115 inci-
dent CHD events and 113 incident stroke events. Partici-
pants with larger retinal venular caliber had a higher inci-
dence of CHD (11.7%; 95% confidence interval [CI], 8.7%-
15.8%, vs 8.1%; 95% CI, 5.7%-11.6%), comparing largest
with smallest venular caliber quartiles, and stroke (8.4%;
95% CI, 6.0-11.7, vs 5.8%; 95% CI, 3.9-8.4). At multivari-
able analysis, controlling for age, sex, race, arteriolar cali-
ber, systolic and diastolic blood pressure, diabetes, glu-

cose concentration, cigarette smoking, pack-years of
smoking, and high-density-lipoprotein and low-density li-
poprotein cholesterol levels, larger retinal venular caliber
was associated with incident CHD (rate ratio, 3.0; 95% CI,
1.6-5.7,comparinglargestwithsmallestvenularcaliberquar-
tiles; Ptrend=.001) and incident stroke (rate ratio, 2.2; 95%
CI, 1.1-4.3; Ptrend= .02). Additional adjustment for C-
reactive protein and common and internal carotid artery
intimal-media thickness had minimal effect on these as-
sociations. At multivariable analysis, smaller retinal arte-
riolar caliber was associated with incident CHD (rate ra-
tio, 2.0; 95% CI, 1.1-3.7, comparing largest with smallest
arteriolar caliber quartiles; P=.03) but not stroke (rate ra-
tio,1.1; 95% CI, 0.5-2.2; P=.73).

Conclusion: Larger retinal venular caliber is indepen-
dently associated with risk of cardiovascular disease in
elderly persons.
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C ARDIOVASCULAR DISEASE IS

a leading cause of death
in persons aged 65 years
or older in the United
States.1 Traditional risk

factors do not have the same predictive
value in older persons2-8 and, thus, iden-
tification of new risk factors is impor-
tant. There is increasing recognition that
small vessel disease (microvascular dis-
ease) may have a possible pathophysi-
ologic role in the development of both sub-
clinical and clinical cardiovascular
disease.9-11 Microvascular disease affect-
ing cerebral arterioles, for example, is
linked to a large proportion of subclini-
cal and lacunar strokes defined at mag-
netic resonance imaging,12-14 whereas coro-
nary microvascular dysfunction may
explain the occurrence of myocardial is-
chemia in persons without overt coro-
nary artery occlusion.15,16 Most studies of
microvascular disease have been con-
ducted in small numbers of patients with

symptomatic disease in specialized labo-
ratory settings,10,11 and few have been con-
ducted in older persons.

The retinal microcirculation is acces-
sible to noninvasive visualization, provid-
ing a unique opportunity to investigate the
relationship between microvascular
changes and risk of cardiovascular dis-
ease.17 Changes in retinal arteriolar and
venular caliber may represent structural
damage or functional alterations.18 Re-
cent data from the Atherosclerosis Risk in
Communities (ARIC) study, a population-
based cohort study in middle-aged (51-72
years) persons, showed that a smaller ar-
teriolar-venular caliber ratio (AVR), re-
flecting narrowed arterioles or enlarged
venules, was associated with risk of inci-
dent stroke events and coronary heart dis-
ease (CHD) events, independent of stan-
dard risk factors.19,20 Whether retinal
arteriolar narrowing and venular dilation
have similar predictive values in older per-
sons is less clear and has not been consis-
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tently demonstrated in 3 cohort studies with older par-
ticipants (the Beaver Dam Eye Study, the Blue Mountains
Eye Study, and the Rotterdam Study).21-24

In the Cardiovascular Health Study (CHS), a popula-
tion-based study of persons 65 years or older, we have
previously described cross-sectional associations of nar-
rowed retinal arterioles with higher blood pressure and
prevalent cardiovascular disease.25,26 In the current study,
we examine prospectively the association of retinal vas-
cular caliber to incident CHD and stroke.

METHODS

STUDY POPULATION

The CHS is a population-based, longitudinal investigation of CHD
and stroke in adults 65 years of age and older.27 The study de-
sign and methods are described in detail elsewhere.28 In brief,
5201 eligible persons were recruited in 1989 through 1990 in 4
field centers: Allegheny County (Pennsylvania), Forsyth County
(North Carolina), Sacramento County (California), and Wash-
ington County (Maryland). An additional 687 eligible African
Americans aged 65 years or older were recruited from Forsyth
County, Sacramento County, and Allegheny County in 1992
through 1993. Differences between those recruited and those not
recruited are described elsewhere.28 At the study clinic, all par-
ticipants underwent a standardized interview, physical exami-
nation including blood pressure and anthropometric measure-
ments, carotid ultrasonography, and phlebotomy for blood
chemistry studies.29-32

Photographic examination of the retina was first offered to
participants during the 1997-1998 clinic visit.25,26 Of the 4249
participants (95.5% of the survivors) who were contacted for this
examination, 2824 (66.5%) underwent retinal photography,
which was performed at the clinic. Of these, 832 (29.5%) had
photographs that were ungradeable for retinal vascular caliber,
leaving 1992 persons for this study. Comparisons of persons with
and without gradable photographs have been previously re-
ported.26 Persons who did not undergo retinal photography or
who had ungradeable photographs were older and more likely
to be men and to be African Americans; were more likely to have
hypertension and diabetes, higher systolic and diastolic blood
pressure, and higher fasting glucose and total cholesterol levels;
and were more likely to be current cigarette smokers.

MEASUREMENT OF
RETINAL VASCULAR CALIBER

Retinal photography procedures in the CHS have been reported
in detail.25,26 In brief, after 5 minutes of dark adaptation, a 45°
retinal photograph centered between the optic disc and the macula
was obtained of 1 randomly selected eye. Photographs were evalu-
ated at the Fundus Photograph Reading Center in Madison, Wis,
by 2 trained and certified graders who were blinded to subject
characteristics, according to a standardized protocol.

For the evaluation of retinal vascular caliber, photographs
were digitized with a high-resolution scanner, and the diam-
eters of all arterioles and venules coursing through an area ½
to 1 disc diameter from the optic disc margin were measured
on a computer monitor.25,26 The results from this image analy-
sis were summarized as central arteriolar and venular equiva-
lents, using formulas by Hubbard et al,33 representing the av-
erage central arteriolar and venular caliber in that eye,
respectively. These measurements were also expressed as an
AVR, which represents the relative caliber of arterioles to ven-
ules and introduces some adjustment for variable magnifica-

tion owing to differences in refractive errors. In addition to reti-
nal vascular caliber, the presence of focal retinal microvascular
signs (retinopathy, focal arteriolar narrowing, and arteriove-
nous nicking) was graded from photographs using a standard-
ized light box protocol.25,26

Quality control procedures were implemented throughout
the grading process.26 In the CHS, there were 71 intragrader
and 69 intergrader rereadings. The intragrader and inter-
grader intraclass correlation coefficients for retinal vascular cali-
ber equivalents ranged from 0.67 to 0.91.

INCIDENT CARDIOVASCULAR DISEASE

Prebaseline and incident cardiovascular diseases were ascer-
tained in the CHS using a detailed standardized protocol.34,35 Par-
ticipants, family members, or other previously identified infor-
mants reported new cardiovascular events during semiannual
contacts by telephone or at a clinic visit. Medical records were
obtained to confirm the diagnosis, and events were adjudicated
by a committee.34,35 The 2 cardiovascular outcomes of interest
in this study were incident CHD, including fatal and nonfatal
myocardial infarction, fatal CHD, and other CHD-attributed
deaths (eg, sudden cardiac death),34 and incident stroke, includ-
ing fatal and nonfatal stroke.35 Adjudicated events occurring
through June 30, 2002, were available for analysis, providing a
maximum of 5 years of follow-up for the present study.

For the analysis of incident CHD, we excluded 477 sub-
jects with prevalent CHD (fatal and nonfatal myocardial in-
farction, fatal CHD, other CHD-attributable deaths, angina pec-
toris, coronary bypass surgery, and coronary angioplasty),
leaving 1515 subjects for analysis. For incident stroke, we ex-
cluded 104 subjects with prevalent stroke, leaving 1888 sub-
jects for analysis.

DEFINITIONS OF OTHER RISK FACTORS

Participants underwent an assessment of cardiovascular risk fac-
tors during the course of the study.29-32 Blood pressure was mea-
suredaccording toastandardizedprotocol,29 and themeansof the
first and second readings were computed for the systolic and dia-
stolicvalues.Hypertensionwasdefinedas systolicbloodpressure
of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or
higher, or the combination of self-reported hypertension and use
of antihypertensive medications. Diabetes was defined as fasting
glucoseconcentrationof126mg/dL(7.0mmol/L)orgreaterorself-
reported use of insulin or oral hypoglycemic agents. Medical his-
tory,medicationuse,cigarettesmoking,andalcoholconsumption
wereascertainedfromquestionnaires.Techniciansassessedweight
and standing height. Body mass index was calculated as weight in
kilograms divided by height in meters squared. Blood sample col-
lection,andprocessingandlaboratorymethods for fastingglucose
concentration; total, low-density-lipoprotein, and high-density-
lipoprotein cholesterol levels; and C-reactive protein (CRP) lev-
els aredescribedelsewhere.31,32,36 Vascularultrasonographyof the
internal and common carotid arteries was used to determine the
intima-media thickness (IMT).30 Thecommoncarotidartery IMT
was determined to be the mean of the maximum wall thickness
for near and far walls on both the left and right sides. We used the
mean of the internal and common carotid IMT for adjustment.

All variables used in analyses were based on the 1997-1998
clinic examination, concurrent with retinal photography, ex-
cept fasting glucose concentration, diabetes medications, and
standing height, which were taken from the 1996-1997 exami-
nation, and data on high-density-lipoprotein cholesterol level,
CRP level, and internal and common carotid IMT, which were
obtained from the 1992-1993 examination.
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STATISTICAL ANALYSIS

Retinal arteriolar and venular calibers were categorized into quar-
tiles. We defined large retinal venular caliber as present if cali-
ber was in the fourth quartile of the population distribution.

We estimated the 5-year cumulative incidence of CHD or
stroke, defined as 100�(1−Kaplan-Meier cumulative CHD- or
stroke-free survival at 5 years). Follow-up time was defined as
the number of days from the time of the 1997-1998 clinic visit to
thedateof the first cardiovascular eventof interest (CHDorstroke),
death, last contact, or June 30, 2002, whichever occurred first.
We used Cox proportional hazards regression to estimate haz-
ard rate ratios and 95% confidence intervals (CIs) for CHD and
stroke in association with retinal vascular caliber and general-
ized retinal venular dilatation. We initially controlled for age, sex,
race (white or black), and field center, and, further, for standard
cardiovascular risk factors including systolic and diastolic blood
pressure (in millimeters of mercury), diabetes (present or ab-
sent), fasting plasma glucose concentration (in milligrams per deci-
liter [millimoles per liter]), cigarette smoking status (never, former,
or current), the number of pack-years of smoking, and low-
density-lipoprotein and high-density-lipoprotein cholesterol (in
milligrams per deciliter [millimoles per liter]) (model 1). We con-
structed 2 additional multivariable models adjusting for vari-
ables in model 1 plus body mass index and CRP level (model 2)
and variables in model 1 plus mean common and internal ca-
rotid artery IMT (model 3). In these analyses, because retinal cali-
bers were highly correlated (r =0.61), arteriolar and venular cali-
bers were included in the same model.37 We have shown that this
approach accounts for confounding between arterioles and ven-
ules and produces fewer biased results.37 Analyses in which ar-
teriolar and venular calibers were included in separate models were
also conducted. Tests for trend across quartiles of retinal vascu-
lar diameter were conducted by fitting the grouped linear model;
the P value was derived from a 2-sided Wald test.

To examine for interaction, analyses were repeated, strati-
fying the population by age group, sex, and the presence of dia-
betes and hypertension. All data analyses were performed us-
ing STATA version 8.0 (StataCorp, College Station, Tex).

RESULTS

Table 1 gives participant characteristics according to
distribution of retinal vascular caliber, comparing first
with fourth quartiles of arteriolar and venular caliber. Per-
sons with smaller retinal arteriolar caliber (first quar-
tile) were older; more likely to have hypertension, and
higher systolic and diastolic blood pressure; and less likely
to be current cigarette smokers. Persons with larger reti-
nal venular caliber (fourth quartile) were younger and
more likely to be African American; to have lower sys-
tolic but higher diastolic blood pressure, higher fasting
glucose concentration, and total cholesterol level; and to
be current cigarette smokers. Larger arterioles and ven-
ules were both associated with higher CRP levels.

There were 115 incident CHD events. Table 2 gives
the 5-year cumulative incidence and rate ratio of CHD
by quartiles of retinal caliber. Participants with larger
venular caliber had higher cumulative incidence of CHD
(11.7%; 95% CI, 8.7%-15.8%, vs 8.1%; 95% CI, 5.7%-
11.6%, comparing largest with smallest venular caliber
quartiles). After controlling for age, sex, race, and field
center, participants with larger retinal venular caliber were
more likely to develop incident CHD (rate ratio, 2.7, com-
paring largest with smallest venular caliber quartiles). This
association was not substantially changed with addi-
tional adjustment for standard cardiovascular risk fac-

Table 1. Baseline Characteristics of Study Population According to Retinal Vascular Caliber, Cardiovascular Health Study,
1997-1998 Examination*

Characteristic

Retinal Arteriolar Caliber Retinal Venular Caliber

1st Quartile,
Smallest
(n = 499)

4th Quartile,
Largest

(n = 498) P Value†

1st Quartile,
Smallest
(n = 498)

4th Quartile,
Largest

(n = 498) P Value†

Age, y 78.9 ± 4.5 77.8 ± 4.1 �.001 79.5 ± 4.5 77.3 ± 3.8 �.001
Men, No. (%) 213 (42.7) 190 (38.2) .15 194 (39.0) 216 (43.4) .16
African Americans, No. (%) 68 (13.7) 85 (17.2) .13 47 (9.5) 130 (26.3) �.001
Hypertension, No. (%) 319 (64.1) 265 (53.2) .001 295 (59.2) 297 (59.6) .90
Blood pressure, mm Hg

Systolic 134.5 ± 19.4 127.1 ± 18.9 �.001 133.2 ± 20.6 130.1 ± 19.3 .02
Diastolic 68.2 ± 11.1 65.0 ± 11.2 �.001 65.9 ± 10.5 67.3 ± 10.9 .04

Diabetes, No. (%) 69 (14.2) 73 (15.5) .71 76 (15.8) 88 (18.8) .30
Glucose, mg/dL 100.9 ± 29.9 102.4 ± 29.8 .43 100.6 ± 28.7 104.9 ± 33.4 .04
Total plasma cholesterol, mg/dL 202.3 ± 38.9 201.9 ± 36.8 .89 199.2 ± 37.8 205.0 ± 38.7 .02
HDL cholesterol, mg/dL 53.4 ± 14.2 52.9 ± 14.1 .58 54.1 ± 14.0 52.7 ± 14.5 .13
Body mass index‡ 26.8 ± 4.2 27.3 ± 4.8 .12 26.4 ± 4.2 27.8 ± 4.5 �.001
C-reactive protein level, mg/dL§ 2.4 (1.1, 4.8) 2.9 (1.4, 5.6) .005 2.2 (1.0, 4.8) 2.9 (1.4, 5.9) �.001
Carotid artery IMT, mm 1.2 ± 0.3 1.2 ± 0.3 .22 1.2 ± 0.3 1.2 ± 0.3 .97
Current cigarette smoker, No. (%) 26 (5.3) 45 (9.1) .002 24 (4.8) 50 (10.1) �.001

Abbreviations: HDL, high-density lipoprotein; IMT, intima-media thickness.
SI conversion factors: To convert glucose to millimoles per liter, multiply by 0.0555; to convert cholesterol to millimoles per liter, multiply by 0.0259.
*Data are given as mean ± SD or proportions unless otherwise indicated.
†P value represents difference in means or proportions; t test for continuous variables, Kruskal-Wallis test for C-reactive protein level, and �2 test for

categorical variables.
‡Calculated as weight in kilograms divided by height in meters squared.
§Data are given as median (25th percentile, 75th percentile).
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tors (rate ratio, 3.0; model 1), body mass index and CRP
(rate ratio, 2.9; model 2), or carotid artery IMT (rate ra-
tio, 3.0; model 3). Smaller retinal arteriolar caliber was
associated with incident CHD (rate ratio, 2.0, compar-
ing largest with smallest arteriolar caliber quartiles).

There were 113 incident stroke events. Table3 shows
associations of retinal vascular caliber and incident stroke.
Participants with the largest retinal venular caliber had
the highest incidence of stroke (8.4%; 95% CI, 6.0%-
11.7%, vs 5.8%; 95% CI, 3.9%-8.4%, comparing fourth
with first venular caliber quartiles). After controlling for
age, sex, race, and field center, participants with larger
retinal venular caliber were more likely to develop inci-
dent stroke (rate ratio, 2.1, comparing fourth with first
venular caliber quartiles), which did not change after ad-

ditional multivariable adjustment. Retinal arteriolar cali-
ber was not associated with incident stroke.

In analyses in which arteriolar and venular caliber were
entered separately in the models, associations of larger
venular caliber with incident CHD (rate ratio, 2.0; 95%
CI, 1.2-3.5, comparing fourth with first venular caliber
quartiles; Ptrend=.01, adjusting for variables in model 1)
and incident stroke (rate ratio, 2.1; 95% CI, 1.2-3.9;
Ptrend=.02) were largely similar. A smaller retinal AVR was
also associated with incident CHD (rate ratio, 1.9; 95%
CI, 1.1- 3.5, comparing first with fourth AVR quartiles;
Ptrend=.005) and stroke (rate ratio, 1.7; 95% CI, 0.9-3.1;
Ptrend=.06). Focal retinal signs (retinopathy, focal arte-
riolar narrowing, and arteriovenous nicking) were not
associated with incident CHD or stroke (data not shown).

Table 2. Incidence and Rate Ratio of Coronary Heart Disease in Association With Retinal Vascular Diameter

Retinal
Vascular Caliber

No. at
Risk

Incident
CHD*

Age/Sex/Race/Center
Adjusted†

Multivariate
Model 1‡

Multivariate
Model 2‡

Multivariate
Model 3‡

Arteriolar
1st Quartile (smallest) 379 35 (10.2) 2.0 (1.1-3.7) 2.0 (1.1-3.7) 2.1 (1.1-4.0) 2.0 (1.1-3.8)
2nd Quartile 379 29 (8.2) 1.3 (0.8-2.3) 1.3 (0.7-2.3) 1.3 (0.7-2.4) 1.3 (0.7-2.4)
3rd Quartile 380 25 (7.3) 1.1 (0.6-2.0) 1.1 (0.6-2.0) 1.1 (0.6-2.0) 1.1 (0.6-2.0)
4th Quartile (largest) 377 26 (8.0) 1.0 1.0 1.0 1.0
Ptrend .02 .03 .02 .03
Venular
1st Quartile (smallest) 380 28 (8.1) 1.0 1.0 1.0 1.0
2nd Quartile 378 23 (6.3) 1.1 (0.6-2.0) 1.3 (0.7-2.4) 1.2 (0.7-2.2) 1.3 (0.7-2.4)
3rd Quartile 379 25 (7.7) 1.4 (0.8-2.6) 1.7 (0.9-3.2) 1.6 (0.8-3.0) 1.7 (0.9-3.2)
4th Quartile (largest) 378 39 (11.7) 2.7 (1.5-4.9) 3.0 (1.6-5.7) 2.9 (1.5-5.6) 3.0 (1.6-5.8)
Ptrend .001 .001 .001 .001

Abbreviations: CHD, coronary heart disease; CI, confidence interval.
*Data are given as number of CHD events: 5-year cumulative incidence (percent).
†Data are given as rate ratio (95% CI) from Cox models with the following as covariates: arteriolar caliber, venular caliber, age, sex, race, and field center.
‡Data are given as rate ratio (95% CI) from Cox models with the following as covariates: arteriolar caliber, venular caliber, age, sex, race, field center, systolic

and diastolic blood pressure, diabetes status, glucose concentration, cigarette smoking status, pack-years of smoking, low-density-lipoprotein and
high-density-lipoprotein cholesterol levels (model 1), variables in model 1 plus body mass index and C-reactive protein level (model 2), and variables in model 1
plus mean common and internal carotid artery intima-media thickness (model 3).

Table 3. Incidence and Rate Ratio of Stroke in Association With Retinal Vascular Diameter

Retinal
Vascular Caliber No. at Risk

Incident
Stroke*

Age/Sex/Race/Center
Adjusted†

Multivariate
Model 1‡

Multivariate
Model 2‡

Multivariate
Model 3‡

Arteriolar
1st Quartile (smallest) 472 27 (6.2) 1.4 (0.7-2.6) 1.1 (0.5-2.2) 1.1 (0.5-2.3) 1.1 (0.5-2.2)
2nd Quartile 472 30 (7.3) 1.4 (0.8-2.5) 1.4 (0.8-2.6) 1.5 (0.8-2.8) 1.4 (0.8-2.6)
3rd Quartile 473 31 (7.4) 1.4 (0.8-2.5) 1.3 (0.7-2.4) 1.3 (0.7-2.4) 1.3 (0.7-2.3)
4th Quartile (largest) 471 25 (6.1) 1.0 1.0 1.0 1.0
Ptrend .35 .73 .63 .74
Venular
1st Quartile (smallest) 472 25 (5.8) 1.0 1.0 1.0 1.0
2nd Quartile 472 29 (7.0) 1.2 (0.7-2.2) 1.2 (0.7-2.3) 1.3 (0.7-2.4) 1.2 (0.7-2.3)
3rd Quartile 473 25 (5.7) 1.3 (0.7-2.3) 1.3 (0.7-2.6) 1.4 (0.7-2.7) 1.3 (0.7-2.6)
4th Quartile (largest) 471 34 (8.4) 2.1 (1.1-3.8) 2.2 (1.1-4.3) 2.3 (1.1-4.5) 2.2 (1.1-4.3)
Ptrend .03 .02 .02 .03

Abbreviation: CI, confidence interval.
*Data are given as number of stroke events: 5-year cumulative incidence (percent).
†Data are given as rate ratio (95% CI) from Cox models with the following as covariates: arteriolar caliber, venular caliber, age, sex, race, and field center.
‡Data are given as rate ratio (95% CI) from Cox models with the following as covariates: arteriolar caliber, venular caliber, age, sex, race, field center, systolic

and diastolic blood pressure, diabetes status, glucose concentration, cigarette smoking status, pack-years of smoking, low-density-lipoprotein and
high-density-lipoprotein cholesterol (model 1), variables in model 1 plus body mass index and C-reactive protein level (model 2), and variables in model 1 plus
mean common and internal carotid artery intima-media thickness (model 3).
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Table 4 shows the association of large retinal venular
caliber (venular caliber in the fourth quartile of the popu-
lation) with incident CHD and stroke in the total cohort
and stratified by age, sex, and diabetes and hypertension
status. There were no substantial sex differences in these
associations. For incident CHD, somewhat stronger asso-
ciations were noted in older persons, persons with diabe-
tes, and persons without hypertension. For incident stroke,
stronger associations were noted in persons with diabe-
tes and persons with hypertension. None of these inter-
actions were statistically significant.

COMMENT

In this prospective, population-based study in older per-
sons with a mean age of 79 years, we describe an asso-
ciation between larger retinal venular caliber (Figure,
A), as quantified from retinal photographs, and 5-year
risk of CHD and stroke. Participants with larger venular

caliber were at higher risk of CHD and stroke, after ad-
justing for age, sex, race, blood pressure, glucose con-
centration, cigarette smoking status, low-density-
lipoprotein and high-density-lipoprotein cholesterol levels,
and other cardiovascular risk factors including CRP and
common and internal carotid artery IMT. In addition,
smaller retinal arteriolar caliber (Figure, B) was associ-
ated with 5-year risk of CHD but not stroke. Focal reti-
nal microvascular signs, however, were not associated with
either CHD or stroke.

Prevention of CHD and stroke in older persons re-
quires an improved understanding of pathogenic mecha-
nisms and predictive factors in this age group. Previous
studies have principally focused on large vessel athero-
sclerosis and its risk factors (eg, lipid levels), but our find-
ings, along with other evidence, suggest that a substan-
tial proportion of cardiovascular events in older persons
might relate to or share risk factors with changes in the
microvasculature.7-11

Table 4. Incidence and Rate Ratio of Coronary Heart Disease and Stroke in Association With Large Retinal Venular Caliber,*
Stratified by Risk Factors

Characteristic

Incident Coronary Heart Disease Incident Stroke

No. at Risk
Multivariate

RR (95% CI)†
P Value

(Interaction) No. at Risk
Multivariate

RR (95% CI)†
P Value

(Interaction)

Total cohort 378 2.0 (1.3-3.2) 471 1.7 (1.0-2.7)
Age, y

�80 291 1.7 (0.9-3.0) .40 356 1.6 (0.9-2.8) .96
�80 87 2.5 (1.3-5.0) 115 0.7 (0.3-1.6)

Men 147 2.3 (1.2-4.5) .42 203 1.2 (0.5-2.6) .73
Women 231 1.8 (0.9-3.6) 268 1.7 (0.9-3.1)
Diabetes 64 3.9 (1.4-11.1) .34 79 2.3 (0.7-7.7) .61
No diabetes 297 1.8 (1.0-3.0) 363 1.6 (0.9-2.7)
Hypertension 222 2.6 (1.3-5.3) .40 278 1.1 (0.5-2.4) .18
No hypertension 156 3.8 (0.8-17.4) 193 0.5 (0.1-3.1)

Abbreviations: CI, confidence interval; RR, rate ratio.
*Large venular caliber defined as fourth quartile of venular caliber, the reference exposure category being the other 3 quartiles.
†Data are given as rate ratio (95% CI) from Cox models with the following as covariates: arteriolar caliber, venular caliber, age, sex, race, field center, systolic

and diastolic blood pressure, diabetes status, glucose concentration, cigarette smoking status, pack-years of smoking, low-density-lipoprotein and
high-density-lipoprotein cholesterol levels, and arteriolar caliber (model 1).

BA

Figure. Retinal photographs. A, Note large retinal venular caliber (black arrows) and normal arteriolar caliber (white arrows). B, Note normal retinal venular caliber
(black arrows) and narrowed arteriolar caliber (white arrows).
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Our findings should be compared with those of other
cohort studies that have recently examined the associa-
tion of retinal vascular caliber, measured from retinal pho-
tographs using similar methods, and risk of various car-
diovascular diseases. In the middle-aged (51-72 years)
population from the ARIC study, a smaller AVR, repre-
senting either smaller arteriolar caliber or larger venu-
lar caliber, was associated with incident CHD19 and
stroke.20 In the Beaver Dam Eye Study, a smaller AVR was
associated with cardiovascular mortality only in younger
(43-74 years) but not older (75-84 years) participants.21

Similarly, the Blue Mountains Eye Study found an asso-
ciation of larger venular caliber with incident CHD in
younger (49-75 years) but not older (�75 years) men
and women, and smaller arteriolar caliber with CHD in
younger women only.23 The Rotterdam Study (partici-
pant age, �55 years) was the first to demonstrate sig-
nificant associations of larger venular caliber with inci-
dent stroke in an older cohort.24 The current CHS extends
these findings to incident CHD, supports the impor-
tance of studying retinal arteriolar and venular caliber
separately, and provides further evidence that retinal vas-
cular caliber may also provide predictive information
about cardiovascular risk in older persons.

Our initial observations of these associations were in-
terpreted as reflecting ischemic effects of arteriolar dis-
ease.38 In the ARIC study, the association of smaller AVR
with CHD19 and stroke20 was thought to reflect smaller
retinal arterioles, presumably from chronically elevated
blood pressure, although associations for arteriolar and
venular caliber were not reported separately. The find-
ings from our study and others showing associations of
enlarged retinal venules with cardiovascular diseases are
not so readily explained on the basis of ischemia. There
may be other explanations. Retinal venular dilatation has
been hypothesized to reflect the effects of hypoxia and
has been associated with inflammation and endothelial
dysfunction.39,40 Animal studies showed that lipid hy-
droperoxide administration in the vitreous of rats re-
sults in infiltration of leukocytes in the retinal microvas-
culature and an increase in retinal venular but not
arteriolar caliber.39 Dilation of the retinal vessels has been
further attributed to increased nitric oxide production and
release of cytokines resulting from activated endothelial
cells.40 Recent clinical and epidemiologic studies support
these observations, showing that larger venular caliber is
associated with systemic biomarkers of inflammation or en-
dothelial dysfunction.41-44 In the Rotterdam Study,42 the Bea-
ver Dam Eye Study,43 and the Multi-Ethnic Study of Ath-
erosclerosis,44 larger venular caliber was associated with a
range of inflammatory markers, including CRP and inter-
leukin 6 concentrations. Thus, inflammation may under-
lie part of the association of larger venular caliber with CHD
and stroke in the CHS. Further research into mechanisms
underlying retinal venular dilation will clearly be useful in
understanding the importance of these observations.

In the CHS, we found no association of focal retinal signs
(retinopathy, focal arteriolar narrowing, and arteriove-
nous nicking) with either CHD or stroke, whereas other
studies have found stronger associations of these focal reti-
nal signs with both subclinical and clinical stroke,20-22,45

particularly in younger persons.20,21,45 These differences may

be related to selective mortality in the CHS (discussed in
the following paragraph), a higher prevalence of comor-
bid conditions in older persons that may mask the car-
diovascular risks associated with retinal signs, or weaker
predictive associations of retinal signs in older persons com-
pared with younger persons. However, we found that the
association of larger venular caliber and incident CHD was
not weaker but stronger in older (�80 years) compared
with younger (�80 years) participants.

The strengths of the CHS include a community-
sampled study population, quantitative measurement of
retinal vascular caliber, and standardized identification
of incident CHD and stroke events. There are several im-
portant limitations. First, retinal photography was per-
formed approximately 10 years after the start of the study,
and a significant proportion of photographs were un-
gradeable because of media opacity or poor pupil dila-
tion in this older population. Biases related to nonatten-
dance for photography, ungradeable photographs, and
selective mortality may lead to an underestimation of the
true risks. For example, the lack of association of reti-
nopathy (eg, microaneurysms and hemorrhages) and in-
cident cardiovascular events may be related to higher mor-
tality among participants with retinopathy at baseline who
did not attend subsequent follow-up examinations. Sec-
ond, although we adjusted for cardiovascular risk fac-
tors, residual confounding may still be present because
some factors (eg, CRP and high-density-lipoprotein cho-
lesterol levels) were measured 5 years before retinal pho-
tography was performed.

Our study has 2 potential clinical applications. First,
our findings support the value of specifically targeting
the microcirculation in reducing cardiovascular morbid-
ity and mortality in older persons.7,8,46 There is increas-
ing evidence that some antihypertensive agents (eg, an-
giotensin-converting enzyme inhibitors) may have direct
beneficial effects on microvessel structure and function
beyond their primary effect of lowering blood pres-
sure.46 Such agents may, therefore, have added therapeu-
tic value in preventing and treating cardiovascular dis-
ease. Second, the collective data from our study and others
suggest that a quantitative measurement of retinal vas-
cular caliber from retinal photographs may provide ad-
ditional information for cardiovascular risk prediction.

In conclusion, we demonstrate an association of larger
venular caliber and future risk of CHD and stroke and
of smaller arteriolar caliber with risk of CHD in older per-
sons. It is not known whether similar processes affect-
ing venules occur in the heart and brain, but studying
the mechanisms underlying venular dilation may pro-
vide important insights into various pathophysiologic pro-
cesses of CHD and stroke in older persons.
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