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Background: Retinal vessel caliber may be a novel marker of cor-
onary heart disease (CHD) risk. However, the sex-specific effect,
magnitude of association, and effect independent of traditional
CHD disease risk factors remain unclear.

Purpose: To determine the association between retinal vessel cali-
ber and risk for CHD.

Data Sources: Relevant studies in any language identified through
MEDLINE (1950 to June 2009) and EMBASE (1950 to June 2009)
databases.

Study Selection: Studies were included if they examined a general
population, measured retinal vessel caliber from retinal photo-
graphs, and documented CHD risk factors and incident CHD
events.

Data Extraction: 6 population-based prospective cohort studies
provided data for individual participant meta-analysis.

Data Synthesis: Proportional hazards models, adjusted for tradi-
tional CHD risk factors, were constructed for retinal vessel caliber

and incident CHD in women and men. Among 22 159 participants
who were free of CHD and followed for 5 to 14 years, 2219
(10.0%) incident CHD events occurred. Retinal vessel caliber
changes (wider venules and narrower arterioles) were each associ-
ated with an increased risk for CHD in women (pooled
multivariable-adjusted hazard ratios, 1.16 [95% CI, 1.06 to 1.26]
per 20-�m increase in venular caliber and 1.17 [CI, 1.07 to 1.28]
per 20-�m decrease in arteriolar caliber) but not in men (1.02 [CI,
0.94 to 1.10] per 20-�m increase in venular caliber and 1.02 [CI,
0.95 to 1.10] per 20-�m decrease in arteriolar caliber). Women
without hypertension or diabetes had higher hazard ratios.

Limitation: Error in the measurement of retinal vessel caliber and
Framingham variables was not taken into account.

Conclusion: Retinal vessel caliber changes were independently as-
sociated with an increased risk for CHD events in women.
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Coronary heart disease (CHD) remains the leading
cause of death in the United States despite advances in

prevention, diagnosis, and therapy. Further improvement
in outcomes can be achieved through more accurate iden-
tification of persons at risk, enhanced understanding of
pathogenesis, novel interventions, and better implementa-
tion of existing preventive and therapeutic strategies.

Coronary microvascular dysfunction is increasingly rec-
ognized as an important contributor to CHD, particularly
among women (1), and interest in noninvasive methods of
assessing the coronary microcirculation is considerable (2).
The coronary and retinal vessels undergo similar changes
(such as sclerosis) in hypertension (3, 4), and assessment of
retinal vessels may provide an indication of coronary micro-
vascular damage (5). With the advent of computer-assisted
methods for measuring retinal vessel caliber from retinal pho-
tographs, retinal vascular imaging has been found to indepen-
dently predict increased risk for CHD in prospective epide-

miologic studies (6–10), which raises the possibility of using
retinal vessel assessment as a novel risk marker. However, the
results reported thus far have not been consistent. The ARIC
(Atherosclerosis Risk in Communities) study (6), the first
large epidemiologic study to report associations of retinal ves-
sel caliber with incident CHD, suggested that these associa-
tions were only present in middle-age women. Subsequent
studies have produced conflicting results. The CHS (Cardio-
vascular Health Study) (9) reported associations of narrower
retinal arterioles and wider venules with incident CHD in
both older women and men, but other studies found associa-
tions mainly in younger women and men, with weak or no
association in older persons (10).

Differences in study populations and inclusion criteria
may account for the varying findings. For example, partic-
ipants with diabetes or prevalent CHD were included in
some studies (10) but not others (9, 11), and analytic
methods and adjustment for traditional cardiovascular risk
factors varied considerably among studies.

To provide robust evidence to address these discrepan-
cies, we conducted a systematic review and an individual-
participant meta-analysis of population-based cohort stud-
ies, adjusting for traditional risk factors, to determine the
associations between retinal vessel caliber and CHD risk.
We particularly examined whether the associations differed
between women and men.
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METHODS

Data Extraction
We reviewed the literature to identify all studies that

measured retinal vessel caliber, documented CHD events,
and were conducted in general populations. We con-
ducted a search of MEDLINE and EMBASE of all stud-
ies published between 1950 and 4 June 2009. We used
the MEDLINE search terms (exp Retinal Diseases/,
(retina or retinal).tw., retinopathy.tw., Arteriolar nar-
rowing.tw., Arterio-venous nicking.tw., Arteriovenous
nicking.tw., venular dilatation.tw., venular dilation.tw.,
arterio-venular ratio.tw.) and (Cardiovascular Diseases/,
exp Heart Diseases/, exp Vascular Diseases/, cardiovas-
cular.tw., coronary.tw., heart.tw., mortality.tw.) and
(incidence/, exp Mortality/, exp epidemiologic studies/,
prognos$.tw., Prognosis/, predict$.mp., course.tw., (score or
scoring or scored).tw., observ$.mp., risk:.mp., between group:
.tw.) and (Photography/, Photomicrography/, photo$.tw.,
image$.tw.). We then searched the selected papers to identify
studies that met our inclusion criteria: carried out in general
populations, measured retinal vessel caliber from either pho-
tographic film or digital photographs by using computer-
assisted methods, and recorded incident CHD events.

We contacted the principal or lead investigators of the
chosen studies and obtained individual-participant data
from each study to investigate heterogeneity in the pub-
lished results and, if appropriate, to calculate pooled esti-
mates of the associations between retinal vessel caliber and
CHD risk. If the investigators agreed to participate, we
then requested original recorded data on individual retinal
vessel caliber measurements, fatal and nonfatal CHD
events and time to these events, baseline measurements of
variables included in the Framingham Risk Score (age, sex,
systolic blood pressure, serum total cholesterol and high-
density lipoprotein [HDL] cholesterol levels, current
smoking status, use of blood pressure–lowering medica-
tions, and presence of diabetes), body mass index, diastolic
blood pressure, leukocyte count, and previous CHD.

Statistical Analysis
We analyzed the data for women and men separately

because our primary hypothesis was that retinal vessel cal-
iber predicts incident CHD more strongly in women than
in men (8). In addition, separate Framingham Risk Scores,
with different coefficients for the variables in the score, are
used for men and women (12).

The standard deviation for the means of arteriolar and
venular caliber was approximately 20 �m. We estimated
the hazard ratio associated with each 20-�m decrease in
arteriolar caliber and each 20-�m increase in venular cali-
ber, which were adjusted for the other retinal vessel caliber,
the variables that make up the Framingham Risk Score,
and other risk factors associated with CHD and retinal
caliber (13, 14). We estimated these separately for each
study by using a proportional hazards model. We then
combined data from all studies and used a stratified pro-

portional hazards model to test for interaction between the
study stratification variable and retinal vessel caliber vari-
ables, as well as sex and the CHD risk factors. This tests
heterogeneity across studies in associations with retinal ves-
sel caliber. Where no heterogeneity was present, we ob-
tained a pooled hazard ratio adjusted for the CHD risk
factors. The stratified proportional hazards model allows
the baseline hazard function to differ among the studies
but assumes that the effect of the retinal vessel caliber and
the other variables are fixed.

We defined nonfatal CHD events as myocardial in-
farction, coronary artery bypass graft, or coronary angio-
plasty. For those events that were coded by using Interna-
tional Classification of Diseases, Tenth Edition, codes, we
classified fatal events as CHD deaths if the main or under-
lying cause of death received a code from I21 to I25 or if
the study-adjudicated cause of death was CHD.

Within each study, we assessed the appropriate func-
tional form of each of the continuous variables in the mod-
els by using fractional polynomials, and we tested the pro-
portional hazards assumption by using plots of the
Schoenfeld residuals and by testing for the effect of adding
time-dependent covariates (15).

We repeated the main analysis to examine the robust-
ness of our results, this time standardizing the retinal vessel
caliber measurements by dividing them by the study-
specific standard deviations to allow for different means
and standard deviations of the retinal vessel caliber mea-
surements in the different studies (16). We also pooled
the study-specific hazard ratios by using a random-effects
model (17).

RESULTS

Characteristics of the Studies Identified
We found 3946 studies with our initial search strategy.

We then identified 25 studies that had performed retinal
assessments or vessel caliber measurements and had fol-
lowed participants over time to monitor CHD events. Of
these, 18 studies (18–35) recorded only the presence of
retinopathy and not retinal vessel caliber, were conducted
exclusively in persons with diabetes, or recorded only fatal
events (Figure 1). This left 7 studies that met our inclusion
criteria. One study, MESA (Multi-Ethnic Study of Athero-
sclerosis) (36), had insufficient outcome data available at
the time of the analysis. Investigators from the other 6
studies (ARIC, CHS, AusDiab [Australian Diabetes, Obe-
sity and Lifestyle] study, BMES [Blue Mountains Eye
Study], BDES [Beaver Dam Eye Study], and RS [Rotter-
dam Study]) agreed to provide data for the individual-
participant meta-analysis.

Table 1 shows the characteristics for 22 159 partici-
pants from each of the 6 studies we included. The mea-
surement of retinal vessel caliber was similar in each study
with some slight variations (7, 37–41). Briefly, participants
in each study had retinal photographs (film or digital)
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taken for either a single eye or both eyes, centered on the
optic disc and macula. The BDES and BMES both used
the Zeiss FF3 camera (Carl Zeiss Meditec, Jena, Germany)
and 30° fields (10), ARIC and CHS used the Canon CR6-
45NM (Canon, Tokyo, Japan) with 45° fields (37, 41),
AusDiab used the Canon CR45UAF (Canon) with 45°
fields (38), and RS used the Topcon TRC-SS2 (Topcon,
Tokyo, Japan) with 20° fields (11). Trained graders, who
were masked to participant characteristics, then viewed the
optic disc photographs. The graders measured the diame-
ters of all arterioles and venules that coursed through a
zone that surrounded the optic disc, one-half to one-whole
disc diameter away from the optic disc margin, by using a
computer-assisted software program specifically developed
for this purpose (37). The measurement module was cus-
tom programmed in Khoros (public domain image-
processing software from the University of New Mexico–
Albuquerque, Albuquerque, New Mexico) and used the
green channel of the digital image to enhance contrast of
the retinal vessels against the retinal pigment epithelium.

The ARIC, BDES, and BMES used an earlier version
of this software to measure the retinal vessel caliber,
whereas AusDiab, CHS, and RS used a later version of the

same software. Both versions are available on request from
the reviewers or the Wisconsin Fundus Photograph Read-
ing Center, University of Wisconsin–Madison, Madison,
Wisconsin. For this meta-analysis, we summarized the in-
dividual mean retinal vessel calibers from each study by
using the Parr–Hubbard formula (37). Reproducibility sta-
tistics were high for these measurements, on the basis of
repeated readings of the same retinal photograph, with
intra- and intergrader reliability correlation coefficients of
0.73 and 0.72, respectively, for arteriolar caliber measure-
ments and 0.86 and 0.76, respectively, for venular caliber
measurements (37, 42).

We identified fatal events in all studies by searches of
death registers, supplemented by contact with relatives or
local medical providers (43–47). For nonfatal CHD out-
comes, AusDiab, BDES, and BMES identified nonfatal
CHD events only among patients who returned for subse-
quent visits (47, 48), who were asked whether they had
had a CHD event. Investigators for BMES and AusDiab
(but not BDES) verified this by using the patients’ medical
records (47, 48). The remaining 3 studies (ARIC, CHS,
and RS) identified nonfatal events by using a process of
continuous monitoring that included regular telephone in-
terviews and contacts with general practitioners and local
hospitals (43–45).

Participants in all studies completed baseline question-
naires on medical history, and traditional CHD risk factors
were measured. Participants in ARIC, CHS, and RS re-
ceived a more extensive clinical examination than did par-
ticipants in the other studies (43–45). All studies used
standard methods to measure the traditional CHD risk
factors of systolic blood pressure, smoking status, and se-
rum total cholesterol and HDL cholesterol levels. The
BMES recorded systolic blood pressure taken from 1 mea-
surement at the baseline visit, whereas all other studies
used the average of at least 2 measurements taken at the
baseline visit (49). The RS and BDES measured nonfasting
cholesterol and HDL cholesterol levels, whereas all other
studies measured fasting values (7, 10). In the CHS, cho-
lesterol and HDL cholesterol levels and presence of diabe-
tes were not recorded at the same visit as the retinal caliber
measurements. Presence of diabetes was measured 2 years
before the retinal caliber measurements and cholesterol,
and HDL cholesterol levels were measured 5 years before
this visit. We found no other differences among the trials.

Assessment of Heterogeneity of Hazard Ratios Among
Studies

The proportional hazards assumption held for all vari-
ables in each study. We found no evidence of a nonlinear
relationship between any covariate and the log–hazard
function in any of the studies. Table 2 shows the hazard
ratios by quintile of retinal vessel caliber for women and
men. Among women, the hazard ratio increased as the
arteriolar caliber decreased and as the venular caliber in-
creased. No trend was evident among men.

Figure 1. Literature search and selection.

Studies that performed retinal assessments
or vessel caliber measurements and had

followed participants over time to
monitor CHD outcomes (n = 25)

Studies that were carried out in general
populations and that measured retinal

vascular caliber from either photographic
film or digital photographs by using

computer-assisted methods and recorded
incident CHD outcomes (n = 7)

Studies that met search criteria (n = 3946)

Excluded (n = 18)
Conducted exclusively in diabetic 

persons and recorded only the 
presence of retinopathy, not vessel 
caliber measurements: 9

Conducted exclusively in diabetic 
persons and recorded vessel caliber 
measurements: 2

Conducted in general samples but 
recorded only the presence of 
retinopathy, not vessel caliber 
measurements: 5

Conducted in general samples and 
recorded vessel caliber 
measurements but only recorded 
CHD death as an outcome: 2

CHD � coronary heart disease.
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Table 3 provides the hazard ratios for CHD event
outcomes for each study adjusted for the CHD risk factors
of age, systolic blood pressure, diastolic blood pressure,
serum cholesterol level, serum HDL cholesterol level, pres-
ence of diabetes, smoking status, current use of antihyper-
tensive medication, and body mass index. Among women,
both wider venules and narrower arterioles were associated
with an increased risk for CHD events in ARIC and CHS.
The hazard ratios for retinal vessel caliber measures were
not significant for men in any of the studies.

We found no evidence that the associations of reti-
nal vessel caliber with CHD were heterogeneous among
studies and among either men or women; we also found
no evidence that the effect of any of the Framingham
variables varied among studies for men or women, ex-
cept for age and serum cholesterol and HDL cholesterol
levels among women. When we included interactions
between study site and these variables in the model, the
estimated hazard ratio for the retinal vessel calibers did
not change.

Pooled Hazard Ratios for CHD
Among women, both wider venules (pooled hazard

ratio, 1.16 [95% CI, 1.06 to 1.26]) and narrower arterioles

(pooled hazard ratio, 1.17 [CI, 1.07 to 1.28]) indicated an
association between retinal vessel caliber changes and in-
creased risk for CHD (Table 3). We found no evidence
that retinal vessel caliber was associated with CHD events
in men (hazard ratio for venules, 1.02 [CI, 0.94 to 1.10];
hazard ratio for arterioles, 1.02 [CI, 0.95 to 1.10]). Figure
2 summarizes the study-specific and pooled hazard ratios.
Evidence indicates that the hazard ratios for venular and
arteriolar caliber differed between women and men (P �
0.03 and 0.02, respectively).

Table 4 shows the associations after adjustment for
different baseline covariates. Women showed a moderate
decrease in the hazard ratio for venular caliber but not
arteriolar caliber when we included the traditional CHD
risk factors of cholesterol and HDL cholesterol level, smok-
ing status, and diabetes. When we then included systolic
blood pressure, the hazard ratio for arteriolar caliber de-
clined more than that for venular caliber. We observed a
similar effect among men, although the hazard ratios were
smaller.

Table 5 shows the pooled hazard ratios for subgroups
of men and women, stratified by age, presence of diabetes,
and presence of hypertension. We observed the highest

Table 1. Participant Characteristics*

Characteristic ARIC (8) AusDiab (38) BDES (39) BMES (40) CHS (9) RS (7)

Women
Participants, n 5699 813 1889 1135 844 2718
CHD events, n 303 23 220† 33 129 245
Median follow-up, y 9.2 5.0 14.5 4.9 8.3 12.1
Mean arteriolar caliber (SD), �m‡ 163 (17) 179 (24) 201 (21) 195 (20) 166 (20) 183 (18)
Mean venular caliber (SD), �m‡ 192 (17) 208 (23) 227 (20) 225 (20) 189 (18) 219 (18)
Mean age (SD), y 59 (6) 57 (13) 60 (11) 64 (9) 78 (4) 68 (8)
Mean systolic blood pressure (SD), mm Hg 123 (19) 134 (20) 130 (21) 147 (21) 132 (20) 139 (23)
Mean serum total cholesterol level (SD)

mmol/L 5.5 (1.0) 5.8 (1.0) 6.2 (1.2) 6.2 (1.0) 5.5 (1.0) 6.9 (1.2)
mg/dL 212.4 (38.6) 223.9 (38.6) 239.4 (46.3) 239.4 (38.6) 212.4 (38.6) 266.4 (46.3)

Mean body mass index (SD), kg/m2 29 (6) 29 (6) 28 (6) 26 (5) 27 (5) 27 (4)
Diabetes, n (%) 719 (13) 216 (27) 152 (8) 57 (5) 99 (12) 244 (9)
Receiving blood pressure–lowering medication, n (%) 1737 (30) 210 (26) 636 (34) 362 (32) 456 (54) 803 (30)
Current smoker, n (%) 954 (17) 73 (9) 351 (19) 115 (10) 48 (6) 533 (20)

Men
Participants, n 4153 600 1373 765 479 1691
CHD events, n 565 29 225† 60 116 271
Median follow-up, y 9.1 5.0 14.4 4.9 8.0 11.8
Mean arteriolar caliber (SD), �m‡ 161 (17) 172 (24) 202 (20) 191 (21) 164 (19) 181 (18)
Mean venular caliber (SD), �m‡ 194 (17) 205 (22) 231 (20) 225 (20) 190 (18) 220 (18)
Mean age (SD), y 60 (6) 58 (13) 59 (10) 64 (9.0) 79 (4) 67 (8)
Mean systolic blood pressure (SD), mm Hg 124 (17) 140 (19) 132 (18) 144 (20) 129 (18) 138 (22)
Mean serum total cholesterol level (SD)

mmol/L 5.2 (0.9) 5.6 (1.0) 5.9 (1.0) 5.8 (1.0) 4.9 (0.9) 6.3 (1.1)
mg/dL 200.8 (34.7) 216.2 (38.6) 227.8 (38.6) 223.9 (38.6) 189.2 (34.8) 243.2 (42.5)

Mean body mass index (SD), kg/m2 28 (4) 28 (5) 29 (5) 26 (4) 27 (4) 26 (3)
Diabetes, n (%) 607 (15) 210 (35) 114 (8) 61 (8) 74 (16) 134 (8)
Receiving blood pressure–lowering medication, n (%) 1103 (27) 152 (25) 386 (28) 184 (24) 234 (49) 350 (21)
Current smoker, n (%) 777 (19) 88 (15) 310 (23) 108 (14) 34 (7) 503 (30)

ARIC � Atherosclerosis Risk in Communities; AusDiab � Australian Diabetes, Obesity and Lifestyle; BDES � Beaver Dam Eye Study; BMES � Blue Mountains Eye
Study; CHD � coronary heart disease; CHS � Cardiovascular Health Study; RS � Rotterdam Study.
* Excluding participants with diabetes or previous CHD.
† Does not include coronary artery bypass graft or coronary angioplasty because dates for these events are not available from the BDES.
‡ Calculated by using the Parr–Hubbard formula.
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hazard ratios among women without hypertension or
diabetes.

Additional Analyses
We obtained similar findings when we analyzed the

data by standard deviation change in retinal vessel caliber

and when we combined the study-specific hazard ratios by
using a random-effects model. Excluding the CHS, which
did not record some risk factors at the same visit as the
retinal vessel caliber, also did not affect our overall results.

DISCUSSION

In this individual-participant meta-analysis of 22 159
participants from 6 population-based studies, we show that
variations in retinal vessel caliber (both wider venules and
narrower arterioles) were associated with an increased risk
for incident CHD in women but not in men. We found
no heterogeneity across study results. The risk associated
with changes in retinal vessel caliber was higher among
women without diabetes or hypertension.

Our findings have several clinical implications. First,
we confirm the sex difference in the association of retinal
vessel caliber with CHD. This finding provides strong sup-
port for our hypothesis that microvascular dysfunction is a
greater contributor to CHD pathogenesis in women than
in men (50–52), and could explain sex differences in CHD
presentation (women with no obstructions on a coronary
angiogram have more chest pain) and outcome with revas-
cularization (which is worse in women) (53–56). Women
have smaller coronary arteries with more diffuse atheroscle-
rosis than men, as well as more impaired arteriolar vasodi-
lator responses (52). Arteriolar narrowing in response to
aging, elevated blood pressure, and endothelial dysfunction
may further compromise myocardial perfusion and lead to
increased CHD risk in women (6, 51, 56). The pathophys-
iologic implication that wider retinal venules are associated
with an increased CHD risk only in women is less clear but
is consistent with the reported associations of this retinal
vessel change with inflammatory markers, endothelial dys-
function, and increased aortic and large arterial wall stiff-

Table 2. Pooled Hazard Ratios for Coronary Heart Disease,
by Quintile of Retinal Vessel Caliber*

Vessel Caliber Hazard Ratio (95% CI)

Women
Venular caliber

�190 �m 1
190 �m to 199 �m 1.06 (0.85–1.33)
200 �m to 209 �m 1.17 (0.92–1.48)
210 �m to 220 �m 1.21 (0.94–1.57)
�220 �m 1.50 (1.16–1.94)

Arteriolar caliber
�160 �m 1.62 (1.25–2.10)
160 �m to 169 �m 1.31 (1.02–1.68)
170 �m to 179 �m 1.21 (0.96–1.53)
180 �m to 189 �m 1.17 (0.94–1.45)
�190 �m 1

Men
Venular caliber

�190 �m 1
190 �m to 199 �m 0.89 (0.74–1.08)
200 �m to 209 �m 0.98 (0.80–1.18)
210 �m to 220 �m 0.98 (0.79–1.22)
�220 �m 0.96 (0.76–1.21)

Arteriolar caliber
�160 �m 1.07 (0.85–1.35)
160 �m to 169 �m 0.92 (0.73–1.15)
170 �m to 179 �m 1.05 (0.86–1.30)
180 �m to 189 �m 1.08 (0.88–1.32)
�190 �m 1

* Hazard ratios are adjusted for age, systolic blood pressure, diastolic blood pres-
sure, presence of diabetes, body mass index, serum cholesterol level, serum high-
density lipoprotein cholesterol level, current smoking status, current use of anti-
hypertensive medication, and the other retinal vessel caliber.

Table 3. Adjusted Hazard Ratios for CHD, by Retinal Vessel Caliber Variables*

Variable ARIC (8) AusDiab (38) BDES (39) BMES (40) CHS (9) RS (7) Pooled P
Value†

Women
Participants, n‡ 5699 813 1889 1135 844 2718 13 098
CHD events, n 303 23 220 33 129 245 953
Arteriolar caliber§ 1.34 (1.14–1.59) 0.70 (0.46–1.09) 1.04 (0.87–1.23) 1.10 (0.69–1.74) 1.31 (1.04–1.65) 1.14 (0.95–1.36) 1.17 (1.07–1.28) 0.38
Venular caliber� 1.22 (1.04–1.43) 0.79 (0.51–1.22) 1.09 (0.92–1.29) 1.19 (0.80–1.77) 1.32 (1.03–1.70) 1.11 (0.93–1.31) 1.16 (1.06–1.26) 0.92

Men
Participants, n‡ 4153 600 1373 765 479 1691 9061
CHD events, n 565 29 225 60 116 271 1266
Arteriolar caliber§ 1.09 (0.96–1.23) 0.90 (0.61–1.31) 1.05 (0.89–1.25) 0.94 (0.70–1.27) 1.17 (0.91–1.51) 0.87 (0.74–1.02) 1.02 (0.94–1.10) 0.31
Venular caliber� 1.01 (0.89–1.14) 0.71 (0.47–1.08) 1.12 (0.94–1.33) 0.78 (0.58–1.06) 1.24 (0.94–1.62) 0.99 (0.84–1.16) 1.02 (0.95–1.10) 0.17

ARIC � Atherosclerosis Risk in Communities; AusDiab � Australian Diabetes, Obesity and Lifestyle; BDES � Beaver Dam Eye Study; BMES � Blue Mountains Eye
Study; CHD � coronary heart disease; CHS � Cardiovascular Health Study; RS � Rotterdam Study.
* Hazard ratios are adjusted for age, systolic blood pressure, diastolic blood pressure, presence of diabetes, body mass index, serum cholesterol level, serum high-density
lipoprotein cholesterol level, current smoking status, current use of antihypertensive medication, and the other retinal vessel caliber.
† For test of heterogeneity of study-specific hazard ratios.
‡ Excluding people with previous CHD.
§ Per 20-�m decrease in arteriolar caliber.
� Per 20-�m increase in venular caliber.
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ness (5, 33, 57, 58). Our findings suggest that an assess-
ment of the pathophysiology of venular dilatation could
provide new insights into microvascular CHD pathology.

Second, our findings provide suggestive evidence for
the need to evaluate the microvasculature, particularly in
women for whom coronary angiography reveals no visible

Figure 2. Forest plots of the adjusted hazard ratios for coronary heart disease events.

Study (Reference) Events, n/n

Women

ARIC (8)

AusDiab (38)

BDES (39)

BMES (40)

CHS (9)

RS (7)

Pooled estimate

Men

ARIC (8)

AusDiab (38)

BDES (39)

BMES (40)

CHS (9)

Pooled estimate

303/5699

23/813

220/1889

33/1135

129/844

245/2718

953/13 098

565/4153

29/600

225/1373

60/765

116/479

271/1691

1266/9061

Events, n/n

303/5699

23/813

220/1889

33/1135

129/844

245/2718

953/13 098

565/4153

29/600

225/1373

60/765

116/479

271/1691

1266/9061

Hazard Ratio (95% CI)

Hazard Ratio (95% CI)

Hazard Ratio (95% CI)

1.34 (1.14–1.59)

0.70 (0.46–1.09)

1.04 (0.87–1.23)

1.10 (0.69–1.74)

1.31 (1.04–1.65)

1.14 (0.95–1.36)

1.17 (1.07–1.28)

1.09 (0.96–1.23)

0.90 (0.61–1.31)

1.05 (0.89–1.25)

0.94 (0.70–1.27)

1.17 (0.91–1.51)

0.87 (0.74–1.02)

1.02 (0.94–1.10)

0.4 1.0 2.0

Study (Reference)

Women

ARIC (8)

AusDiab (38)

BDES (39)

BMES (40)

CHS (9)

RS (7)

Pooled estimate

Men

ARIC (8)

AusDiab (38)

BDES (39)

BMES (40)

CHS (9)

RS (7)

Pooled estimate

Hazard Ratio (95% CI)

1.22 (1.04–1.43)

0.79 (0.51–1.22)

1.09 (0.92–1.29)

1.19 (0.80–1.77)

1.32 (1.03–1.70)

1.11 (0.93–1.31)

1.16 (1.06–1.26)

1.01 (0.89–1.14)

0.71 (0.47–1.08)

1.12 (0.94–1.33)

0.78 (0.58–1.06)

1.24 (0.94–1.62)

0.99 (0.84–1.16)

1.02 (0.95–1.10)

0.4 1.0 2.0

RS (7)

ARIC � Atherosclerosis Risk in Communities; AusDiab � Australian Diabetes, Obesity and Lifestyle; BDES � Beaver Dam Eye Study; BMES � Blue
Mountains Eye Study; CHS � Cardiovascular Health Study; RS � Rotterdam Study.
Plots are adjusted for age, systolic blood pressure, diastolic blood pressure, presence of diabetes, body mass index, serum cholesterol level, serum
high-density lipoprotein cholesterol level, current smoking status, current use of antihypertensive medication, and the other retinal vessel caliber. Top.
Ratios per 20-�m decrease in retinal arteriolar caliber. Bottom. Ratios per 20-�m increase in retinal venular caliber.
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obstructions (51, 56). Retinal arteriolar narrowing can be
reversed with antihypertensive therapy (59) and is poten-
tially a visible secondary end point of end-organ damage in
trials of antihypertensive agents. The retinal component of
the ADVANCE (Action in Diabetes and Vascular Disease)
trial (33) is investigating whether this translates into a
meaningful CHD risk reduction.

The differences between the first and last quintile of
retinal arteriolar and venular caliber independently convey
a 50% to 62% higher risk for incident CHD in women,
respectively. However, whether physicians can reliably es-
timate such differences in retinal vessel caliber by using
fundoscopy in clinical examinations is unclear. Van den
Born and colleagues (60), in their meta-analysis, found no
studies that assessed the reliability of direct fundoscopy in
detecting microvascular changes and found that only hem-
orrhages and exudates could be reliably assessed from reti-
nal photographs. The software program that the studies
in our paper used to measure retinal vessels shows sim-
ilar levels of reliability (37, 42, 61– 63). The value that
quantitatively evaluating retinal vessel caliber from reti-
nal photographs adds to CHD risk prediction in women
has not been determined, and we cannot yet recom-
mend it for clinical practice.

We observed a moderate decrease in the pooled hazard
ratio for venular caliber (but not arteriolar caliber) when

we included the traditional CHD risk factors of choles-
terol, HDL cholesterol, smoking status, and diabetes,
which is consistent with data that indicate venular caliber is
influenced by dyslipidemia, inflammation, and hyperglyce-
mia (2, 5, 7). The greater decline in the hazard ratio for
arteriolar caliber than that for venular caliber when we
included systolic blood pressure is also consistent with re-
ports that narrower arteriolar caliber is associated with el-
evated blood pressure and may also play a role in main-
taining peripheral resistance and blood pressure (2, 5, 7).

The strengths of our meta-analysis include access to
the individual-participant data records from all population
studies to date that met our entry criteria, which resulted
in a large sample of 22 159 individuals and 2219 CHD
events, and standardized methods of retinal vessel caliber
analysis and covariate adjustment. Because the use of reti-
nal photography to measure retinal vessel caliber is a rela-

Table 5. Pooled Hazard Ratios for CHD, by Retinal Vessel
Caliber Variables, for Participants Categorized by Age and
Presence of Hypertension or Diabetes*

Variable Persons
at Risk,
n†

CHD
Events,
n

Hazard Ratio (95% CI)

Arteriolar
Caliber‡

Venular Caliber§

Women
Hypertension

Yes 6445 654 1.10 (1.00–1.23) 1.10 (0.99–1.22)
No 6653 299 1.31 (1.12–1.54) 1.28 (1.10–1.50)

Age
�60 y 5396 191 1.16 (0.95–1.43) 1.26 (1.04–1.53)
60–69 y 4783 335 1.22 (1.05–1.42) 1.18 (1.02–1.37)
�70 y 2919 427 1.10 (0.97–1.25) 1.09 (0.96–1.23)

Diabetes
Yes 1487 207 1.00 (0.83–1.20) 1.04 (0.87–1.25)
No 11 611 746 1.22 (1.11–1.35) 1.18 (1.08–1.30)

Hypertension or
diabetes

Yes 6884 694 1.09 (0.99–1.21) 1.09 (0.99–1.21)
No 6214 259 1.34 (1.13–1.59) 1.33 (1.12–1.57)

Men
Hypertension

Yes 4164 724 1.06 (0.96–1.17) 1.03 (0.93–1.13)
No 4897 542 0.94 (0.84–1.06) 0.98 (0.87–1.11)

Age
�60 y 3796 372 1.13 (0.98–1.32) 1.11 (0.96–1.28)
60–69 y 3559 557 0.99 (0.88–1.11) 0.98 (0.88–1.10)
�70 y 1706 337 0.94 (0.82–1.08) 0.98 (0.85–1.14)

Diabetes
Yes 1200 257 1.05 (0.89–1.24) 0.91 (0.77–1.08)
No 7861 1009 1.01 (0.93–1.10) 1.05 (0.96–1.14)

Hypertension or
diabetes

Yes 4647 825 1.04 (0.95–1.15) 1.01 (0.92–1.10)
No 4414 441 0.95 (0.83–1.08) 1.04 (0.90–1.19)

CHD � coronary heart disease.
* Hazard ratios are adjusted for age, systolic blood pressure, diastolic blood pres-
sure, presence of diabetes, body mass index, serum cholesterol level, serum high-
density lipoprotein cholesterol level, current smoking status, current use of anti-
hypertensive medication, and the other retinal vessel caliber.
† Excluding persons with previous CHD.
‡ Per 20-�m decrease in arteriolar caliber.
§ Per 20-�m increase in venular caliber.

Table 4. Pooled Hazard Ratios for Coronary Heart Disease,
by Sex and Retinal Vessel Caliber Variables*

Adjusted Variable Hazard Ratio (95% CI)

Arteriolar
Caliber†

Venular
Caliber‡

Women
Age 1.18 (1.09–1.29) 1.26 (1.16–1.37)

Plus cholesterol and HDL
cholesterol level, smoking
status, and diabetes

1.20 (1.10–1.31) 1.17 (1.07–1.27)

Plus body mass index 1.20 (1.10–1.30) 1.16 (1.06–1.26)
Plus systolic blood pressure 1.15 (1.05–1.25) 1.14 (1.05–1.24)
Plus diastolic blood pressure

and blood pressure
medications

1.17 (1.07–1.28) 1.16 (1.06–1.26)

Plus leukocyte count§ 1.20 (1.09–1.31) 1.17 (1.08–1.28)

Men
Age 1.06 (0.98–1.14) 1.12 (1.04–1.20)

Plus cholesterol and HDL
cholesterol level, smoking
status, and diabetes

1.06 (0.98–1.14) 1.03 (0.96–1.11)

Plus body mass index 1.05 (0.98–1.13) 1.03 (0.95–1.11)
Plus systolic blood pressure 1.00 (0.94–1.09) 1.02 (0.94–1.10)
Plus diastolic blood pressure

and blood pressure
medications

1.02 (0.94–1.10) 1.02 (0.95–1.10)

Plus leukocyte count§ 1.02 (0.95–1.11) 1.04 (0.96–1.12)

HDL � high-density lipoprotein.
* Stratified by study.
† Per 20-�m decrease in arteriolar caliber.
‡ Per 20-�m increase in venular caliber.
§ We did not include data from the Australian Diabetes, Obesity and Lifestyle
study because the investigators did not measure leukocyte count.
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tively new technique, we have been able to collaborate with
all of the researchers worldwide who have reported using
this technology in cohort studies that have recorded CHD
events. We have also included data from studies that have
yet to publish results on the relationship between retinal
vessel caliber and incident CHD. Therefore, we feel that
publication bias is highly unlikely.

Our study has limitations. Two of the studies measured
nonfasting rather than fasting cholesterol and HDL choles-
terol levels. However, normal food intake has a small effect on
lipid levels (64) and is unlikely to affect the estimates of the
association between retinal caliber and CHD risk. We did not
take into account error in the measurement of retinal vessel
caliber and Framingham variables, which may have led us to
over- or underestimate the true association between retinal
vessel caliber and CHD (65). These errors may differ among
the studies because of the different photographic procedures
and software used. We used the Parr–Hubbard formula to
summarize retinal vessel caliber because all 6 studies provided
these data (37); a revised formula is available but it is not
believed to affect the estimated relationship between retinal
vessel caliber and CHD outcomes (66). In 3 of the studies,
nonfatal events were recorded only for those who returned for
a subsequent visit. The hazard ratios for these 3 studies were
lower than those for the 3 studies that used a process of con-
tinual monitoring, which may mean we have underestimated
the true hazard ratio. We could not include data from MESA;
however, this study had fewer events than the smallest in-
cluded study (the AusDiab study) and inclusion would there-
fore have had little effect on the results (67).

In summary, our meta-analysis of the individual-
patient data records of 22 159 middle-age and older per-
sons confirmed that retinal vascular caliber changes (both
wider retinal venules and narrower retinal arterioles) were
independently associated with increased risk for CHD
events in women but not in men. These findings further
emphasize the role, contribution, and importance of the
microvasculature in the pathogenesis of CHD in women.

From University of Sydney, Sydney, New South Wales, Australia; Uni-
versity of Wisconsin School of Medicine and Public Health, Madison,
Wisconsin; Erasmus Medical Center, Rotterdam, the Netherlands; Baker
IDI Heart and Diabetes Institute and University of Melbourne, Mel-
bourne, Victoria, Australia; Singapore Eye Research Institute and Na-
tional University of Singapore, Kent Ridge, Singapore; and Royal Neth-
erlands Academy of Arts and Sciences and Academic Medical Center,
Amsterdam, the Netherlands.

Note: A full list of principal CHS investigators and institutions can be
found at www.chs-nhlbi.org/pi.htm.

Acknowledgment: The authors thank Ruth Mitchell, Trials Search Co-
ordinator, Cochrane Renal Group, Centre for Kidney Research, Chil-
dren’s Hospital at Westmead, Australia, for her advice on the construc-
tion of the MEDLINE and EMBASE search strategies. The authors also
thank the staff and participants of the ARIC Study for their important
contributions.

Grant Support: By the Australian National Health and Medical Research
Council (program grants 402764 and 358395) and the National Heart,
Lung, and Blood Institute (contracts N01-HC-85079 through N01-
HC-85086, N01-HC-35129, N01 HC-15103, N01 HC-55222, N01-
HC-75150, and N01-HC-45133 and grant U01 HL080295), with ad-
ditional contributions from the National Institute of Neurological
Disorders and Stroke. The ARIC Study is carried out as a collaborative
study supported by National Heart, Lung, and Blood Institute contracts
N01-HC-55015, N01-HC-55016, N01-HC-55018, N01-HC-55019,
N01-HC-55020, N01-HC-55021, and N01-HC-55022.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Tien Y. Wong, MD, PhD, Singapore Eye
Research Institute, National University of Singapore, 11 Third Hospital
Avenue, Singapore 168751, Singapore; e-mail, ophwty@nus.edu.sg.

Current author addresses are available at www.annals.org.

References
1. Camici PG, Crea F. Coronary microvascular dysfunction. N Engl J Med.
2007;356:830-40. [PMID: 17314342]
2. Liew G, Wang JJ, Mitchell P, Wong TY. Retinal vascular imaging: a new tool
in microvascular disease research. Circ Cardiovas Imaging. 2008;1:156-61.
3. Tanaka M, Fujiwara H, Onodera T, Wu DJ, Matsuda M, Hamashima Y,
et al. Quantitative analysis of narrowings of intramyocardial small arteries in
normal hearts, hypertensive hearts, and hearts with hypertrophic cardiomyopathy.
Circulation. 1987;75:1130-9. [PMID: 3552306]
4. Tso MO, Abrams GW, Jampol LM. Hypertensive retinopathy, choroidopa-
thy, and optic neuropathy: a clinical and pathophysiological approach to classifi-
cation. In: Singerman LG, Jampol LM, eds. Retinal and Choroidal Manifesta-
tions of Systemic Disease. Baltimore: Williams & Wilkins; 1991:79-127.
5. Liew G, Sharrett AR, Wang JJ, Klein R, Klein BE, Mitchell P, et al. Relative
importance of systemic determinants of retinal arteriolar and venular caliber: the
atherosclerosis risk in communities study. Arch Ophthalmol. 2008;126:1404-10.
[PMID: 18852419]
6. Wong TY, Klein R, Sharrett AR, Duncan BB, Couper DJ, Tielsch JM, et al.
Retinal arteriolar narrowing and risk of coronary heart disease in men and
women. The Atherosclerosis Risk in Communities Study. JAMA. 2002;287:
1153-9. [PMID: 11879113]
7. Ikram MK, de Jong FJ, Vingerling JR, Witteman JC, Hofman A, Breteler
MM, et al. Are retinal arteriolar or venular diameters associated with markers for
cardiovascular disorders? The Rotterdam Study. Invest Ophthalmol Vis Sci.
2004;45:2129-34. [PMID: 15223786]
8. McGeechan K, Liew G, Macaskill P, Irwig L, Klein R, Sharrett AR, et al.
Risk prediction of coronary heart disease based on retinal vascular caliber (from
the Atherosclerosis Risk In Communities [ARIC] Study). Am J Cardiol. 2008;
102:58-63. [PMID: 18572036]
9. Wong TY, Kamineni A, Klein R, Sharrett AR, Klein BE, Siscovick DS, et al.
Quantitative retinal venular caliber and risk of cardiovascular disease in older
persons: the cardiovascular health study. Arch Intern Med. 2006;166:2388-94.
[PMID: 17130394]
10. Wang JJ, Liew G, Klein R, Rochtchina E, Knudtson MD, Klein BE, et al.
Retinal vessel diameter and cardiovascular mortality: pooled data analysis from
two older populations. Eur Heart J. 2007;28:1984-92. [PMID: 17626032]
11. Ikram MK, de Jong FJ, Bos MJ, Vingerling JR, Hofman A, Koudstaal PJ,
et al. Retinal vessel diameters and risk of stroke: the Rotterdam Study. Neurol-
ogy. 2006;66:1339-43. [PMID: 16682664]
12. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel
WB. Prediction of coronary heart disease using risk factor categories. Circulation.
1998;97:1837-47. [PMID: 9603539]
13. Liew G, Sharrett AR, Kronmal R, Klein R, Wong TY, Mitchell P, et al.
Measurement of retinal vascular caliber: issues and alternatives to using the arte-
riole to venule ratio. Invest Ophthalmol Vis Sci. 2007;48:52-7. [PMID:
17197515]
14. Sun C, Wang JJ, Mackey DA, Wong TY. Retinal vascular caliber: systemic,

ReviewRetinal Vessel Caliber and Risk for Coronary Heart Disease

www.annals.org 15 September 2009 Annals of Internal Medicine Volume 151 • Number 6 411

Downloaded From: http://annals.org/ by a Penn State University Hershey User  on 02/04/2015



environmental, and genetic associations. Surv Ophthalmol. 2009;54:74-95.
[PMID: 19171211]
15. Sauerbrei W, Meier-Hirmer C, Benner A, Royston P. Multivariable regres-
sion model building by using fractional polynomials: description of SAS, STATA
and R programs. Comput Stat Data Anal. 2006;50:3464-85.
16. Danesh J, Lewington S, Thompson SG, Lowe GD, Collins R, Kostis JB,
et al; Fibrinogen Studies Collaboration. Plasma fibrinogen level and the risk of
major cardiovascular diseases and nonvascular mortality: an individual participant
meta-analysis. JAMA. 2005;294:1799-809. [PMID: 16219884]
17. Egger M, Smith GD, Altman DG. Systematic Reviews in Health Care:
Meta-Analysis in Context. 2nd ed. London: BMJ; 2001.
18. Van Hecke MV, Dekker JM, Nijpels G, Moll AC, Van Leiden HA, Heine
RJ, et al; Hoorn Study. Retinopathy is associated with cardiovascular and all-
cause mortality in both diabetic and nondiabetic subjects: the hoorn study [Let-
ter]. Diabetes Care. 2003;26:2958. [PMID: 14514612]
19. Klein BE, Klein R, McBride PE, Cruickshanks KJ, Palta M, Knudtson
MD, et al. Cardiovascular disease, mortality, and retinal microvascular character-
istics in type 1 diabetes: Wisconsin epidemiologic study of diabetic retinopathy.
Arch Intern Med. 2004;164:1917-24. [PMID: 15451768]
20. van Hecke MV, Dekker JM, Stehouwer CD, Polak BC, Fuller JH, Sjolie
AK, et al; EURODIAB prospective complications study. Diabetic retinopathy is
associated with mortality and cardiovascular disease incidence: the EURODIAB
prospective complications study. Diabetes Care. 2005;28:1383-9. [PMID:
15920056]
21. Matthews DR, Stratton IM, Aldington SJ, Holman RR, Kohner EM; UK
Prospective Diabetes Study Group. Risks of progression of retinopathy and
vision loss related to tight blood pressure control in type 2 diabetes mellitus:
UKPDS 69. Arch Ophthalmol. 2004;122:1631-40. [PMID: 15534123]
22. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard
TJ, et al; Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications (DCCT/EDIC) Study Research Group. In-
tensive diabetes treatment and cardiovascular disease in patients with type 1 dia-
betes. N Engl J Med. 2005;353:2643-53. [PMID: 16371630]
23. Looker HC, Krakoff J, Knowler WC, Bennett PH, Klein R, Hanson RL.
Longitudinal studies of incidence and progression of diabetic retinopathy assessed
by retinal photography in pima indians. Diabetes Care. 2003;26:320-6. [PMID:
12547856]
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