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PRELIMINARY
COMMUNICATION

Retinal Arteriolar Narrowing and Risk of
Coronary Heart Disease in Men and Women
The Atherosclerosis Risk in Communities Study
Tien Yin Wong, MD, MPH
Ronald Klein, MD, MPH
A. Richey Sharrett, MD, DrPH
Bruce B. Duncan, MD, PhD
David J. Couper, PhD
James M. Tielsch, PhD
Barbara E. K. Klein, MD, MPH
Larry D. Hubbard, MAT

THE RELATIVE CONTRIBUTION OF

microvascular and macrovas-
cular processes to the risk of
coronary heart disease (CHD)

is unknown, but its elucidation is im-
portant from etiological, preventive, and
therapeutic perspectives.1,2 Coronary
microvascular disease may explain the
occurrence of myocardial ischemia
without overt coronary artery block-
age,3-7 as well as risk of heart failure8,9

and mortality9 after myocardial infarc-
tion (MI). Because women with chest
pain are more likely to have normal
coronary arteries,1-4,7 have higher mor-
tality rates after an MI,10,11 and have
poorer outcomes after coronary artery
bypass graft surgery,12 it has been hy-
pothesized that microvascular disease
may play a more prominent role in the
development of myocardial ischemia
and definite CHD in women.13,14 How-
ever, most studies of microvascular dys-
function have been conducted in small
numbers of highly selected symptom-
atic patients,3-7,9 few have been pro-
spective,9 and none have been popula-
tion based. This is partly because

methods to assess the coronary micro-
circulation are invasive and appli-
cable only in experimental settings.1-7

The retinal arterioles offer an oppor-
tunity to noninvasively explore the re-
lation of systemic microvascular dis-
ease to CHD.15 These arterioles narrow,
and their media thicken and show scle-
rotic changes, in response to hyperten-
sion and other processes.16 In the popu-
lation-based Atherosclerosis Risk in
Communities (ARIC) study, we devel-
oped a computer-assisted, digital
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Context Microvascular processes have been hypothesized to play a greater role in
the development of coronary heart disease (CHD) in women than in men; however,
prospective clinical data are limited.

Objective To examine the association between retinal arteriolar narrowing, a marker
of microvascular damage from hypertension and inflammation, and incident CHD in
healthy middle-aged women and men.

Design, Setting, and Participants The Atherosclerosis Risk in Communities Study,
an ongoing prospective, population-based cohort study in 4 US communities initiated
in 1987-1989. Retinal photographs were taken in 9648 women and men aged 51 to 72
years without CHD at the third examination (1993-1995). To quantify retinal arteriolar
narrowing, the photographs were digitized, individual arteriolar and venular diameters
were measured, and a summary arteriole-to-venule ratio (AVR) was calculated.

Main Outcome Measure Risk of CHD associated with retinal arteriolar narrowing.

Results During an average 3.5 years of follow-up, 84 women and 187 men expe-
rienced incident CHD events. In women, after controlling for mean arterial blood pres-
sure averaged over the previous 6 years, diabetes, cigarette smoking, plasma lipid lev-
els, and other risk factors, each SD decrease in the AVR was associated with an increased
risk of any incident CHD (relative risk [RR], 1.37; 95% confidence interval [CI], 1.08-
1.72) and of acute myocardial infarction (RR, 1.50; 95% CI, 1.10-2.04). In contrast,
AVR was unrelated to any incident CHD in men (RR, 1.00; 95% CI, 0.84-1.18) or to
acute myocardial infarction (RR, 1.08; 95% CI, 0.85-1.38).

Conclusion Retinal arteriolar narrowing is related to risk of CHD in women but not
in men, supporting a more prominent microvascular role in the development of CHD
in women than in men. Future work is needed to confirm these findings.
JAMA. 2002;287:1153-1159 www.jama.com
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method to quantify retinal arteriolar
narrowing based on measurements of
individual arteriolar and venular cali-
bers.17 We have previously shown that
retinal arteriolar narrowing is strongly
related to concurrently measured blood
pressure17 and also to past blood pres-
sure,18 inflammation, and endothelial
dysfunction,19 suggesting that arterio-
lar narrowing in the retina is an inde-
pendent marker of microvascular dam-
age from hypertension, inflammation,
and other processes.

The purpose of this study was to ex-
amine the association between retinal
arteriolar narrowing and incident CHD
in healthy middle-aged women and
men participating in the ARIC study.

METHODS
Study Population

The ARIC study included 15 792
women and men 45 through 64 years
of age at recruitment in 1987 through
1989.20 Population samples were se-
lected from 4 US communities: For-
syth County, North Carolina; Jack-
son, Mississippi (black participants
only); suburbs of Minneapolis, Minne-
sota; and Washington County, Mary-
land.20 Participants underwent a sec-
ond examination 3 years later (1990
through 1992), and a third examina-
tion 3 years after that (1993 through

1995). There was an 86% return rate
for the third examination.

Retinal photographs were taken at
the third examination.17 Of the 12887
participants who returned for this ex-
amination, 2329 were excluded: 211
who had not participated in the sec-
ond examination, 38 whose race was
neither black nor white, 42 nonwhite
residents in Minneapolis and Mary-
land, 13 with missing blood pressure
data, 230 with no retinal photo-
graphs, 1774 with ungradable photo-
graphs, and 21 with retinal vascular oc-
clusions. Also excluded were 618
participants with CHD at baseline and
292 who developed CHD prior to the
third examination, leaving 9648 for this
analysis. Baseline characteristics of par-
ticipants with and without gradable reti-
nal photographs have been reported.17

Persons with gradable photographs
were generally younger and more likely
white but did not differ significantly by
sex or smoking status.17

Measurement of Retinal
Arteriolar Diameter
The retinal photography procedure fol-
lowed standardized methods.17-19

Briefly, after 5 minutes of dark adap-
tation, a 45° retinal photograph was
taken of 1 randomly selected eye us-
ing an autofocus camera. The photo-

graph was centered on the region of the
optic disc and the macula. The photo-
graphs were digitized by a high-
resolution scanner and the diameters
of individual arterioles and venules
coursing through a zone located one
half to 1 disc diameter from the optic
disc margin were measured on the com-
puter by trained graders who were
masked to subject identity.17 These mea-
surements were summarized as an ar-
teriole-to-venule ratio (AVR).17 The
AVR accounts for magnification differ-
ences between photographs and is dis-
tributed normally in the general popu-
lation.17 A smaller AVR indicates
narrower arterioles since venular di-
ameters vary little with blood pres-
sure.17,18 Intragrader and intergrader re-
liability coefficients for repeated AVR
measurements were 0.84 and 0.79, re-
spectively.17 Examples of low and high
AVR are shown in the FIGURE.

Graders also evaluated photographs
for lesions typical of hypertensive reti-
nopathy (eg, microaneurysms, retinal
hemorrhages, soft exudates) accord-
ing to a standardized “light box” pro-
tocol.17 Retinopathy was defined as pre-
sent if these lesions were graded definite
or probable.17 Intragrader and inter-
grader � statistics for retinopathy le-
sions ranged from 0.61 to 1.00.17

Identification of CHD
Ascertainment of CHD events in the
ARIC study has been previously de-
scribed.21 Any incident CHD was de-
fined as acute (definite or probable) MI,
fatal coronary heart disease, silent MI,
and myocardial revascularization (eg,
coronary angioplasty or coronary ar-
tery bypass graft surgery). For hospi-
talized patients, trained abstractors re-
corded presenting signs and symptoms,
cardiac enzymes, and related clinical in-
formation. Up to three 12-lead electro-
cardiogram tracings were visually coded
with the Minnesota code.22 Out-of-
hospital deaths were investigated by
means of death certificates, physician
questionnaires, and next-of-kin inter-
views. Coroner reports and autopsy re-
ports, when available, were used for
validation. Two physicians assigned the

Figure. Digitized Retinal Photographs Showing Examples of Low vs High Arteriole-to-Venule
Ratio (AVR)

High AVRLow AVR High AVRA Low AVR B

A, AVR = 0.789; B, AVR = 0.973. Arterioles are lighter in intensity compared with venules.
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CHD diagnostic classification while a
third adjudicated discrepancies. A more
detailed description of the quality con-
trol procedures for CHD ascertain-
ment appear elsewhere.21

Definition of CHD Risk Factors
Participants underwent standardized as-
sessment of cardiovascular risk fac-
tors.23 Three blood pressure measure-
ments were taken with a random-zero
sphygmomanometer and the mean of
the last 2 was used. Mean arterial blood
pressure was computed as two thirds
of the diastolic value plus one third of
the systolic value, and the average of
this mean pressure over all 3 examina-
tions was used to assess blood pressure–
independent associations of retinal ar-
teriolar narrowing.19 Diabetes, cigarette
smoking, alcohol consumption, use of
medication and hormone replace-
ment therapy, and physical activity were
ascertained from examiner-adminis-
tered questionnaires. Hypertension was
defined as systolic blood pressure of 140
mm Hg or greater, diastolic blood pres-
sure of 90 mm Hg or greater, or use of
antihypertensive medication during the
previous 2 weeks. Diabetes mellitus was
defined as a fasting glucose level of
126 mg/dL or greater (7.0 mmol/L),
a nonfasting glucose level of 200
mg/dL or greater (11.1 mmol/L), or a
self-reported history of physician-
diagnosed diabetes or treatment for dia-
betes. A person was considered to have
hypertension or diabetes if these crite-
ria were met at any examination. Physi-
cal activity was characterized by a sports
index, ranging from 0 (low) to 5 (high)
.24 Measurement of carotid intima-
media thickness (IMT) by ultrasound
and collection of fasting blood samples
and processing for total cholesterol,
high-density lipoprotein (HDL) cho-
lesterol, white blood cell counts, plasma
fibrinogen, factor VIII, and von Will-
ebrand factor are described in detail
elsewhere.23 The waist-hip ratio was
computed as the circumference of the
waist (umbilical level) divided by the
hips (maximum buttocks). Variables
were based on data from the third ex-
amination, except for hypertension

and diabetes, which were based on all
3 examinations.

Statistical Methods
All analyses were sex specific unless
otherwise indicated. We analyzed the
AVR as both a continuous variable (per
SD change) and as a categorical vari-
able (stratified into quintiles using cut-
points from the total sample, with the
first quintile indicating the most se-
vere arteriolar narrowing and the fifth
the least narrowing). Analysis of co-
variance was used to compare base-
line characteristics between quintile ex-
tremes in AVR, adjusting for age (years),
race (white and black), and field cen-
ter. We estimated the 3-year cumula-
tive incidence of CHD (defined as
100�[1−Kaplan-Meier estimators])
according to AVR quintiles. Fol-
low-up time was defined as the time
from the third examination to the date
of the particular CHD event (for any in-
cident CHD, defined as the time to the
first event). For noncases, follow-up
continued until the date of death, last
contact, or December 31, 1997. We
used Cox proportional hazards regres-
sion to estimate the relative risk (RR)
of CHD events comparing a specific
AVR quintile vs the fifth, a 1-SD de-
crease in AVR, or presence vs absence
of retinopathy. The proportional haz-
ards assumption was visually verified
by plotting the log of the cumulative
hazard function of CHD comparing
quintiles of AVR over the 3.5 years of
follow-up, and confirmed by showing
that a time-dependent interaction vari-
able with AVR was not statistically sig-
nificant (P=.78 in the multivariable
model). We initially adjusted for age,
race, and field center. We used 2 mul-
tivariable models. In model 1, we fur-
ther adjusted for traditional CHD risk
factors, including 6-year mean arterial
blood pressure, diabetes (yes, no),
waist-hip ratio, sports index (0 to 5),
total cholesterol, HDL cholesterol, ciga-
rette smoking (ever, never) and alco-
hol consumption (yes, no). In this
model, we also adjusted for use of an-
tihypertensive medication (yes, no),
since this is an indicator of severity of

hypertension. In model 2, we adjusted
for the covariates in model 1 plus white
blood cell count (1000 cells/mm3),
plasma fibrinogen, factor VIII, von Wil-
lebrand factor, and carotid IMT, since
inflammation, hemostatic factors, and
macrovascular disease are possible con-
founders of the association between
AVR and risk of CHD.19 In a supple-
mentary analysis, we also adjusted for
hormone replacement therapy use (yes,
no) in postmenopausal women.

Finally, in models of the entire
sample, we tested interactions with sex,
and in sex-specific models, interac-
tion with age group (51-60 years, 61-72
years), race, hypertension (yes, no) and
diabetes (yes, no), by adding cross-
product terms with AVR as a continu-
ous variable. Analyses were per-
formed with SPSS version 9.0 (SPSS Inc,
Chicago, Ill). A P value of .05 was con-
sidered statistically significant.

RESULTS
The mean (SD) AVR in the population
was 0.843 (0.08). TABLE 1 shows the
baseline characteristics of women and
men, comparing the first with the fifth
AVR quintile. In general, the first AVR
quintile (greater arteriolar narrowing)
was associated with black race and—
after adjusting for age, race, and field
center—with a poorer cardiovascular
risk profile in both women and men,
with the exception of diabetes and HDL
cholesterol in women, and total cho-
lesterol, HDL cholesterol, and alcohol
consumption in men.

Over an average follow-up of 3.5
years, 271 persons (84 women and 187
men) experienced incident CHD events.
TABLE 2 shows the cumulative inci-
dence and RR of any incident CHD, in
relation to quintiles of AVR. In women,
decreasing quintiles of AVR were as-
sociated with increasing risk of any in-
cident CHD, with a crude RR of 2.3
comparing the lowest (first) to the high-
est (fifth) quintile. These estimates were
not substantially altered after adjust-
ment for age, race, and field center or
for cardiovascular risk factors in model
1. In men, AVR was not associated with
risk of any incident CHD.

RETINAL ARTERIOLAR NARROWING AND CORONARY HEART DISEASE
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Further analyses were performed
with AVR treated as a continuous vari-
able and for specific CHD events
(TABLE 3). In women, each 1-SD de-
crease in AVR was associated with a
crude RR of 1.39 for any incident CHD.
This association persisted after adjust-
ment for age, race, and field center and
in multivariate models (models 1 and
2), and was similar for acute MI only
and acute MI/fatal CHD, but was weaker
and statistically insignificant (P=.13)
for cardiac revascularization. In men,

AVR was not associated with any CHD
end points. Analysis repeated using the
logarithmic transformation of AVR
did not improve the fit of the models
presented. This association was seen
in women with and without hyperten-
sion and diabetes (TABLE 4). There
was no association between AVR and
CHD in men with and without these
conditions.

Among postmenopausal women,
controlling for hormone replacement
therapy had little effect on the RR of any

incident CHD (for each 1-SD decrease
in AVR, adjusting for use of hormone
replacement and covariates in model 1:
RR, 1.28; 95% confidence interval,
1.00-1.63).

In models based on the total popu-
lation, the interaction between AVR and
sex was statistically significant (P=.03
for the cross-product term between
AVR and sex for any incident CHD, ad-
justing for covariates in model 1). In
sex-specific models, there were no sig-
nificant interactions between AVR and

Table 1. Baseline Characteristics, by Quintile Extremes of AVR*

Characteristic

Women Men

First AVR Quintile
(Range: 0.57-0.78)

(n = 944)

Fifth AVR Quintile
(Range: 0.92-1.22)

(n = 1289)
P

Value†

First AVR Quintile
(Range: 0.57-0.78)

(n = 985)

Fifth AVR Quintile
(Range: 0.92-1.22)

(n = 640)
P

Value†

Age, mean (SE), y 59.5 (0.18) 59.1 (0.15) .24 60.0 (0.18) 59.3 (0.22) .09

Black, % 32.2 16.7 �.001 21.3 14.5 �.001

Hypertension, % 56.2 33.0 �.001 58.5 28.4 �.001

Arterial blood pressure, mean (SE), mm Hg 91.8 (0.31) 83.3 (0.26) �.001 94.2 (0.29) 86.0 (0.36) �.001

Diabetes, % 16.7 14.9 .63 20.7 15.6 .001

Total plasma cholesterol, mean (SE), mg/dL‡ 218.1 (1.23) 211.1 (1.05) �.001 202.8 (1.15) 198.1 (1.43) .16

HDL cholesterol, mean (SE), mg/dL‡ 58.4 (0.60) 59.7 (0.52) .25 44.7 (0.45) 45.0 (0.56) .90

Waist-hip ratio, mean (SE) 0.92 (0.002) 0.90 (0.002) �.001 0.98 (0.002) 0.96 (0.002) �.001

Sports index (0-5), mean (SE) 2.37 (0.03) 2.48 (0.02) .001 2.61 (0.03) 2.79 (0.03) �.001

Cigarette smoking, ever, % 50.8 45.5 .02 74.8 66.7 .009

Alcohol consumption, ever, % 70.9 64.2 .01 88.4 85.1 .22

*Values are adjusted for age, race, and field center (except for age and black, which are unadjusted for age and race, respectively). AVR indicates arteriole-to-venule ratio; HDL,
high-density lipoprotein. See “Methods” section for definitions of characteristics.

†Represents overall difference among AVR quintiles. Ranges of AVR values for quintiles: first, 0.57-0.78; second, 0.79-0.82; third, 0.83-0.86; fourth, 0.86-0.91; fifth, 0.92-1.22.
‡To convert values for total plasma cholesterol and HDL cholesterol to mmol/L, multiply values by 0.029.

Table 2. Cumulative Incidence and Relative Risk of CHD, by AVR Quintiles*

AVR Quintile

Women Men

1
(Range:

0.57-0.78)

2
(Range:

0.79-0.82)

3
(Range:

0.83-0.86)

4
(Range:

0.87-0.91)

5
(Range:

0.92-1.22)

1
(Range:

0.57-0.78)

2
(Range:

0.79-0.82)

3
(Range:

0.83-0.86)

4
(Range:

0.87-0.91)

5
(Range:

0.92-1.22)

No. at risk 944 1026 1103 1206 1289 985 904 827 724 640

CHD events, No. 19 22 16 15 12 47 39 39 37 25

CHD cumulative
incidence, %†

2.54 3.38 2.35 1.86 1.56 7.66 6.76 6.42 7.41 6.43

CHD RR (95% CI)
Crude‡ 2.3 (1.1-4.8) 2.5 (1.2-5.0) 1.7 (0.8-3.5) 1.4 (0.7-2.9) Reference 1.3 (0.8-2.2) 1.2 (0.7-2.0) 1.3 (0.8-2.2) 1.3 (0.8-2.2) Reference

Age-, race-,
center-
adjusted

2.4 (1.2-5.0) 2.6 (1.3-5.2) 1.7 (0.8-3.6) 1.4 (0.7-3.0) Reference 1.3 (0.8-2.2) 1.2 (0.7-2.0) 1.3 (0.8-2.1) 1.3 (0.8-2.1) Reference

Multivariate-
adjusted,
model 1§

2.2 (1.0-4.6) 2.3 (1.1-4.8) 1.6 (0.8-3.4) 1.3 (0.6-2.8) Reference 1.1 (0.7-1.8) 1.0 (0.6-1.7) 1.2 (0.7-1.9) 1.2 (0.7-2.1) Reference

*CHD indicates coronary heart disease; AVR, arteriole-to-venule ratio; RR, relative risk; and CI, confidence interval.
†Three-year cumulative incidence defined as 100 � (1−Kaplan-Meier estimators).
‡Specific AVR quintile vs the fifth quintile.
§Model 1: Relative risk adjusted for age, race, field center, 6-year mean arterial blood pressure, diabetes, waist-hip ratio, sports index, total cholesterol, high-density lipoprotein

cholesterol, cigarette smoking, alcohol consumption, and antihypertensive medication use. See “Methods” section for definitions of covariates.
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age group, race, hypertension, or dia-
betes (P�.10 for all interaction terms).

Finally, we evaluated the associa-
tion between retinopathy and risk of
CHD. Retinopathy was associated with
increased risk of any incident CHD in
women (RR, 1.83; 95% CI, 1.00-3.38,
adjusting for covariates in model 1), but
not in men (RR, 0.84; 95% CI,
0.46-1.52).

COMMENT
In this large, prospective, population-
based study, we show that retinal
arteriolar narrowing, assessed quanti-
tatively from digitized retinal photo-
graphs, is related to the risk of CHD in
women but not men. In women, de-
creasing retinal arteriolar diameters
were associated with increasing risk of
CHD despite adjustment for long-
term blood pressure, diabetes, smok-
ing, increased levels of plasma lipids,
and other risk factors. On average, ev-
ery 1-SD decrease in the retinal AVR
was associated with a 37% increase in

CHD risk. This association was simi-
lar for the more severe CHD events
(acute MI only and acute MI/fatal
CHD), was not altered after control-
ling for markers of inflammation, pres-
ence of macrovascular disease, or hor-
mone replacement therapy use, and
persisted in subgroups stratified by hy-
pertension and diabetes status.

Retinal arteriolar narrowing is
thought to be an early indicator of mi-
crovascular damage from aging, hyper-
tension, and other processes, and re-
flects intimal thickening and medial
hyperplasia, hyalinization, and sclero-
sis.16 Because similar pathological fea-
tures are also seen in the coronary25,26

and renal arterioles27 of persons with
hypertension, changes in the retinal ar-
terioles may offer useful information re-
garding the state of the systemic mi-
crocirculation in health and in disease.
We previously reported that the AVR,
as a quantitative index of retinal arte-
riolar narrowing, is related to long-
term average blood pressure18 and to

markers of inflammation and endothe-
lial dysfunction,19 but is unrelated to
measures of atherosclerosis (eg, ca-
rotid IMT).19

Thus, the independent association we
report between AVR and incident CHD
in women likely reflects microvascu-
lar rather than macrovascular pro-
cesses. This hypothesis is supported by
a number of observations in the cur-
rent study. First, we showed that ad-
justment for macrovascular disease
(carotid IMT) had little effect on the
association between AVR and inci-
dent CHD. Second, AVR was unre-
lated to cardiac revascularization pro-
cedures in men or women (see Table
3), as these procedures are usually per-
formed to treat occlusions in larger
coronary vessels (ie, macrovascular
disease). Finally, women with signs of
retinopathy, a marker of more severe
microvascular damage from hyperten-
sion, were also more likely to have in-
cident CHD compared with women
without these signs.

Table 3. Relative Risk of CHD and MI per SD Decrease in AVR*

CHD Event Adjustment

Women Men

No. of
Events

RR (95% CI)
per SD Decrease

in AVR
P

Value
No. of
Events

RR (95% CI)
per SD Decrease

in AVR
P

Value

Any incident CHD

Crude

84

1.39 (1.12-1.75) .003

187

1.08 (0.93-1.25) .33

Age-, race-, center-adjusted 1.42 (1.14-1.78) .002 1.07 (0.92-1.25) .36

Multivariate-adjusted, model 1† 1.37 (1.08-1.72) .008 1.00 (0.84-1.18) .98

Multivariate-adjusted, model 2‡ 1.40 (1.03-1.92) .03 0.94 (0.76-1.16) .59

Acute MI only Multivariate-adjusted, model 1 49 1.50 (1.10-2.04) .009 78 1.08 (0.85-1.38) .53

Acute MI/fatal CHD Multivariate-adjusted, model 1 54 1.35 (1.01-1.81) .04 91 1.06 (0.85-1.33) .60

Cardiac revascularization Multivariate-adjusted, model 1 53 1.23 (0.93-1.66) .13 135 0.93 (0.77-1.11) .41

*CHD indicates coronary heart disease; MI, myocardial infarction; AVR, arteriole-to-venule ratio; RR, relative risk; and CI, confidence interval.
†See Table 2 footnote for model 1 covariates.
‡Adjusted for covariates in model 1 plus white blood cell count, plasma fibrinogen, factor VIII, von Willebrand factor, and carotid intima-media thickness. See “Methods” section for

definitions of covariates.

Table 4. Relative Risk of CHD per SD Decrease in AVR, by Hypertension and Diabetes Status*

Status

Women Men

RR (95% CI) of
Any Incident CHD

per SD Decrease in AVR
P

Value

RR (95% CI) of
Any Incident CHD

per SD Decrease in AVR
P

Value

Hypertension or diabetes present† 1.30 (0.99-1.72) .08 1.11 (0.89-1.38) .34

No hypertension† 1.52 (1.03-2.24) .03 0.90 (0.96-1.15) .40

No diabetes‡ 1.45 (1.08-1.94) .01 0.97 (0.81-1.17) .77

No hypertension or diabetes‡ 1.81 (1.18-2.79) .007 0.85 (0.64-1.21) .24

*CHD indicates coronary heart disease; AVR, arteriole-to-venule ratio; RR, relative risk; and CI, confidence interval.
†Adjusted for covariates in model 1. See Table 2 footnote for covariates.
‡Adjusted for all covariates in model 1, except diabetes.
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Our findings are supported by cross-
sectional data from the National Health
Examination Survey.28 In that study, the
association between retinal arteriolar
narrowing (as detected from clinical
ophthalmoscopy) and prevalent CHD
in women was also found to be stron-
ger than in men (odds ratio of 6.4 for
women compared to 3.7 for men aged
35 to 54 years, and 2.4 for women com-
pared to 1.2 for men aged 55 to 79
years).28

These data offer insights into differ-
ences in the epidemiology and patho-
genesis of CHD between women and
men. It has been suggested that micro-
vascular processes may play a more
significant role in the pathogenesis of
myocardial ischemia in women,13,14

largely based on observations that
women more often experience the
syndrome of angina pectoris with nor-
mal coronary arteries.3,4,6 However, it
is unclear why women have higher
mortality rates after developing an
MI,10,11,29 or have poorer outcomes
after coronary artery bypass graft sur-
gery than do men.12,29 Additionally, it
is uncertain why hypertension, diabe-
tes, and inflammation appear to be
stronger risk factors for CHD in
women compared with men.30-33 One
hypothesis to explain these sex differ-
ences is that hormonal or other influ-
ences protect women from the devel-
opment of atherosclerosis, leaving
microvascular processes to play a rela-
tively greater role in the development
of CHD in women.34 Our study now
provides data to support this hypoth-
esis by showing that arteriolar dam-
age, resulting from hypertension, dia-
betes, and inflammation, is more
strongly related to risk of CHD in
women than in men. We are unable to
offer an adequate explanation of the
strong sex difference or, in particular,
of why a lower AVR, as an indicator of
more severe coronary microvascular
disease, is unrelated to risk of CHD in
men. We can only note that this sex
difference is consistent with the often-
made clinical observation that angina
without angiographic stenosis is much
less frequent in men than in women.

Four limitations of this study war-
rant consideration. First, our data do not
provide direct evidence of an associa-
tion between coronary microvascular
disease and risk of CHD, as there was
no assessment of the coronary micro-
circulation. However, coronary micro-
vascular dysfunction appears to be part
of a systemic microvascular pro-
cess,35,36 and similar histopathological
changes in retinal16 and coronary arte-
rioles25,26 are associated with hyperten-
sion. Second, selection bias may have ob-
scured some associations and enhanced
others, as a sizeable number of photo-
graphs were ungradable because phar-
macological pupil dilation was not per-
formed prior to photography. However,
this would not explain the contrasting
sex pattern seen, since the proportion
of photographs that was ungradable was
similar in women (15.0%) and men
(14.6%). Third, it is not clear whether
other unmeasured factors (eg, use of va-
sodilator medications) could have af-
fected these associations. Finally, we
have only shown a short-term associa-
tion between AVR and incident CHD in
women; further study involving analy-
sis of more outcome events is required
to determine whether similar long-
term associations also exist.

In conclusion, our study suggests a
sex difference in the contribution of ar-
teriolar narrowing to the development
of CHD in a large community-based
population. This finding suggests that
microvascular disease may play a greater
role in the risk of CHD in women than
in men, which may have important clini-
cal implications in the prevention and
treatment (eg, decisions regarding re-
vascularization surgery vs medical
therapy37) of CHD in women.
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The responsibility of a writer is to excavate the expe-
rience of the people who produced him.

—James Baldwin (1924-1987)
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