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Background-—This study evaluated the prevalence of ideal cardiovascular (CV) health in the Atherosclerosis Risk in Communities
Study and determined its relationship with prevalent retinopathy, wider retinal venular diameters, and narrower arteriolar
diameters, which are risk markers for subclinical cerebrovascular disease and are associated with increased stroke and coronary
heart disease (CHD) morbidity and mortality.

Methods and Results-—We used gradings of fundus photography measurements from the Atherosclerosis Risk in Communities
Study to examine the association of retinopathy and retinal arteriolar and venular calibers to the number of ideal CV health metrics.
Prevalent retinopathy showed a graded relationship with the CV health categories and number of ideal CV health metrics present:
retinopathy prevalence was 2.1% among those with ≥5 ideal CV health metrics compared with 13.1% among those with zero ideal
CV health metrics (odds ratio [CI]), 4.8 [2.5 to 8.9]). Central retinal venule equivalent and central retinal arteriolar equivalent
diameters also showed graded relationships with CV health categories and number of ideal CV health metrics: after adjustment for
age, race, sex, and education, mean central retinal venular equivalent was 187.8 lm (95% CI, 186.9 to 188.6 lm) among those
with ≥5 ideal CV health metrics compared with 201.1 lm (95% CI, 199.1 to 203.1 lm) among those with zero ideal CV health
metrics. Mean central retinal arteriolar equivalent was 163.8 lm (95% CI, 163.0 to 164.5 lm) among those with ≥5 ideal CV health
metrics compared with 157.9 lm (95% CI, 156.1 to 159.7 lm) among those with zero ideal CV health metrics.

Conclusions-—Few adults had ideal cardiovascular health. Those with the best level of health were less likely to have retinopathy
signs, wide retinal venules, and narrow retinal arterioles, which are associated with increased stroke and coronary heart disease
risk. ( J Am Heart Assoc. 2013;2:e000430 doi: 10.1161/JAHA.113.000430)
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T o further its goal to improve the cardiovascular (CV)
health of the population, the American Heart Association

(AHA) recently developed criteria to measure the CV health of
the US population, based on 7 risk factors and health
behaviors.1 These metrics are combined to define “ideal,”
“intermediate,” and “poor” CV health. Ideal CV health
comprises the absence of cardiovascular disease (CVD) and
the following: no smoking in the past year, body mass index

(BMI) <25 kg/m2, untreated blood pressure of <120/
<80 mm Hg, untreated total cholesterol <200 mg/dL, ade-
quate physical activity, a healthy diet, and untreated fasting
serum glucose <100 mg/dL. Intermediate CV health consists
of having ≥1 intermediate metric but no poor metric, and poor
CV health consists of ≥1 poor metric, defined by certain cut
points. The AHA has labeled the 7 ideal CV health metrics as
“Life’s Simple 7” in its campaign to improve CV health. A
positive association between poorer AHA CV metrics and
increased incidence of CVD has been demonstrated.2 How-
ever, no study has yet examined the relation between ideal CV
health and retinal microvascular findings. Potentially relevant
retinal microvascular findings include retinopathy signs—
retinal microaneurysms, hemorrhages (flame-shaped and blot),
and soft exudates—and retinal vessel caliber measurements,
namely, narrower arteriolar and wider venular diameters.

Previous studies have established that retinal microvascular
findings are associated with individual CV risk factors. In the
Atherosclerosis Risk in Communities Study (ARIC), the
incidence of retinopathy was associated positively with blood
pressure, fasting serum glucose, total cholesterol,3,4 and
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physical inactivity.5 In the Beaver Dam Eye Study, incident
retinopathy and narrower central retinal arteriolar equivalent
(CRAE) were independently associated with higher concurrent
and past levels of blood pressure, smoking, BMI, and
drinking.6–9 Greater dietary fiber intake was associated with
more favorable wider retinal arteriolar and narrower venular
diameters in ARIC.9

Prior studies have also linked retinal findings with
incidence of CVD. For example, retinopathy, a marker for
diabetic, hypertensive, or other retinal microvascular disease,
is a risk factor for stroke,10–14 heart failure,15 and coronary
heart disease (CHD) in population-based samples and among
individuals with diabetes and/or hypertension.6,16,17 Smaller
retinal arteriolar diameters and larger venular calibers are
associated with increased CHD incidence in ARIC women.6

Wider retinal venular calibers are also associated with
increased stroke risk with10,18 or without narrow retinal
arterioles.19–22

Despite previous evidence associating individual risk
factors with retinal microvascular findings, it also might be
helpful to understand how the CV health metrics promoted by
the AHA relate to retinal findings. Our cross-sectional study
therefore examined whether AHA CV health metrics are
associated with prevalent retinopathy and retinal vessel
measurements in the ARIC study.

Methods
The ARIC study is a prospective cohort study of 15 792 men
and women in 4 US communities: Forsyth County, North
Carolina; Jackson, Mississippi; Washington County, Maryland;

and the northwest suburbs of Minneapolis, Minnesota. At
baseline, in 1987–1989, the participants were between 45
and 64 years of age and were selected either by list or area
probability sampling.23 African Americans were the only
participants included in Jackson. The differences between
participants and nonparticipants have been described.24 The
present study is based on data from the third examination
(1993–1995), which included 12 887 participants (86% of
baseline) and was the first ARIC visit to obtain retinal
photographs. We excluded participants whose race was
neither black nor white (n=38); those who had prevalent
CHD (n=895), prevalent stroke (n=252), ungradable photo-
graphs or missing data for retinal vessel caliber and other
retinal signs (n=1854); and those with missing data for any of
the CV health metrics (n=590). Our final analytic sample
included 9258 participants (72% of those present for the third
examination), consisting of 3856 men (42%) and 5402 women
(58%); see Figure. The study population was made up of 80%
(7368) whites and 20% (1890) blacks.

Institutional review boards at each study site approved the
study, and written informed consent was obtained for
examination.

The ARIC study protocols have been described previ-
ously.2,23–25 We obtained smoking status from personal
interviews. Trained technicians obtained height and weight
measurements in a scrub suit to calculate BMI. Certified
phlebotomists collected fasting blood, which was used to
measure plasma cholesterol and serum glucose concentra-
tions. We measured sitting blood pressure 3 times using a
random-zero sphygmomanometer after a 5-minute rest and
used the mean of the last 2 measurements for analysis. We

12,887 subjects (Visit 3)

11,954 subjects

11,702 subjects

9,848 subjects

9,258 subjects

38 excluded, race was neither black nor 
white

895 excluded, with prevalent CHD

252 excluded, with prevalent stroke

1,854 excluded, with ungradable retinal 
photograph or missing retinal data

590 excluded, with missing data on CV 
risk factors

12,849 subjects

Figure. Participant inclusion. CHD indicates coronary heart disease; CV, cardiovascular.
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identified via interviews the medications used for lowering
blood pressure, cholesterol, and glucose, verified from
participants’ prescription bottles. Physical activity was com-
puted from the response of participants to the Baecke
questionnaire.25 A slightly modified, 66-item Harvard food
frequency questionnaire 26 was used in calculating a healthy
diet score. We then used the AHA definitions of CV health 1 to
classify each CV health metric into ideal, intermediate, or poor
categories, as shown in Table 1.

Trained technicians performed retinal photography
according to standardized procedures.27 After 5 minutes
of dark adaptation, a 45 degree-retinal photograph was
obtained of 1 randomly selected eye. These photographs
were digitized, and trained graders estimated the caliber of
individual retinal arterioles and venules by a computer-
assisted technique. Trained graders also evaluated the
retinal photographs for retinopathy signs: microanerysms,
flame-shaped hemorrhages, blot hemorrhages, or soft

Table 1. Distribution of Baseline Cardiovascular Health Metrics in the ARIC Study Population Without Prevalent Cardiovascular
Disease, 1993–1995

Health Metric Definition Total Sample, % (n=9258) Women, % (n=5402) Men, % (n=3856)

Smoking

Ideal Never or quit >12 months 81.2 82.3 79.6

Intermediate Former ≤12 months 1.6 1.3 2.0

Poor Current 17.3 16.4 18.5

Body mass index

Ideal <25 kg/m² 27.9 31.3 23.1

Intermediate 25 to 29.99 kg/m² 39.5 33.7 47.7

Poor ≥30 kg/m² 32.6 35.0 29.2

Physical activity

Ideal ≥150 min/week moderate or ≥75 min/week vigorous or
≥150 min/week moderate+vigorous

41.8 37.5 47.9

Intermediate 1 to 149 min/week moderate or 1 to 74 min/week vigorous or
1 to 149 min/week moderate+vigorous

23.2 26.0 19.4

Poor None 34.9 36.5 32.8

Healthy diet score

Ideal 4 to 5 components 2.3 2.9 1.3

Intermediate 2 to 3 components 54.7 60.4 46.8

Poor 0 to 1 components 43.0 36.6 51.9

Total cholesterol

Ideal <200 mg/dL, without medication 40.7 35.6 47.8

Intermediate 200 to 239 mg/dL or treated to <200 mg/dL 41.1 42.5 39.1

Poor ≥240 mg/dL 18.2 21.9 13.1

Blood pressure

Ideal <120/<80 mm Hg, without medication 34.2 34.8 33.5

Intermediate SBP 120 to 139 mm Hg or DBP 80 to 89 mm Hg or
treated to <120/<80 mm Hg

46.9 46.7 47.0

Poor SBP ≥140 mm Hg or DBP ≥90 mm Hg 18.9 18.5 19.5

Fasting serum glucose

Ideal <100 mg/dL, without medication 50.4 56.8 41.4

Intermediate 100 to 125 mg/dL or treated to <100 mg/dL 37.9 32.4 45.8

Poor ≥126 mg/dL 11.7 10.9 12.8

ARIC indicates Atherosclerosis Risk in Communities Study; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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exudates. The graders’ retinal vascular measurements had
high reproducibility.27,28

Statistical Analysis
We computed the prevalence of the combinations of ideal CV
health metrics and used logistic regression to calculate the
odds ratio and 95% confidence interval of prevalent retinop-
athy associated with the number of ideal CV health metrics.
We adjusted for age, sex, race, and education, with P values
<0.10 as covariates. We also computed the prevalence
according to AHA CV health categories stratified by sex and
used logistic regression to calculate the odds ratios and 95%
confidence intervals of prevalent retinopathy according to the
CV health categories, adjusted for age, race, and education.
Interactions of retinopathy with sex and poor CV health were
tested by including cross-product terms in the logistic
regression models.

General linear modeling was used to calculate the mean
and 95% confidence interval of central arteriolar and venular
diameters (equivalents) according to the number of ideal CV
health metrics. For linear modeling of arteriolar equivalents,
we used SAS Proc GLM and adjusted for corresponding
venular diameters, age, sex, race, and education as covari-
ates. For the venular diameters, covariates were the corre-
sponding arteriolar diameters, age, sex, race, and education.
SAS (version 9.3) was used for all analyses.

Results

Prevalence of Ideal Cardiovascular Health
The distribution of ideal CV health metrics in the ARIC study
population is shown in Table 1. Of the participants, 81.2% did
not smoke in the past year, 27.9% had a BMI <25 kg/m2,
41.8% had adequate physical activity, 2.3% regularly ate a
healthy diet, 40.7% had untreated total cholesterol <200 mg/

dL; 34.2% had untreated blood pressure <120/<80 mm Hg,
and 50.4% had untreated fasting serum glucose <100 mg/dL.
A higher proportion of women than men met ideal levels for
each metric, except for total cholesterol and physical activity.

As shown in Table 2, only 0.1% of ARIC study participants
had all 7 ideal CV health metrics; 2.3% had 6 and 8.5% had 5
ideal health metrics; �45% had either 3 or 4 ideal health
metrics; 42.5% had either 1 or 2 ideal health metrics; and
1.9% of participants had no ideal health metric.

The prevalence of “intermediate” CV health (having ≥1
intermediate metric and no poor metrics) was only 15.4%. A
majority (84.5%) in ARIC had “poor” CV health, with 26.6%
having ≥3 poor metrics (Tables 1 and 3).

Retinal Microvascular Findings
The prevalence of retinopathy was 5.4% (n=495). Prevalent
retinopathy showed a graded relation to the number of ideal
CV health metrics, after adjustment for age, race, sex, and
education. As shown in Table 2, no retinopathy was observed
among the few participants who met all 7 ideal health metrics.
Retinopathy prevalence was very low among participants with
5 or 6 ideal health metrics, 2.2% and 1.9%, respectively. The
prevalence of retinopathy increased as the number of ideal
health metrics decreased, reaching 13.1% among participants
with no ideal health metrics. The odds ratio of retinopathy,
after adjustment for age, race, sex, and education, corre-
spondingly increased with decreasing numbers of ideal CV
health metrics. Participants with 4, 3, 2, 1, and 0 ideal CV
health metrics had 1.4 (95% CI, 0.8 to 2.3), 1.9 (95% CI, 1.2 to
3.0), 2.3 (95% CI, 1.4 to 3.7), 3.3 (95% CI, 2.0 to 5.3), and 4.8
(95% CI: 2.5 to 8.9) higher odds of retinopathy compared with
participants with ≥5 ideal CV health metrics.

As shown in Table 3, using the 3 AHA categories of health,
the prevalence of retinopathy was 2.4% among participants
with intermediate CV health and 5.9% among participants with
poor CV health. Participants with poor CV health thus had

Table 2. Prevalence* and Odd Ratios of Retinopathy According to Number of Ideal CV Health Metrics, Adjusted for Age, Race,
Education, and Sex

Number of Ideal CV Health Metrics Number With Retinopathy Total Number (%) in Category % Retinopathy in Category* Odds Ratio 95% CI

5 to 7 21 1002 (10.8) 2.1 1.0 Reference

4 52 1627 (17.6) 3.2 1.4 0.8 to 2.3

3 118 2518 (27.2) 4.7 1.9 1.2 to 3.0

2 156 2539 (27.4) 6.1 2.3 1.4 to 3.7

1 125 1396 (15.1) 9.0 3.3 2.0 to 5.3

0 23 176 (1.9) 13.1 4.8 2.5 to 8.9

5 to 7, Ideal CV health metrics analyzed as 1 stratum. CI indicates confidence interval; CV, cardiovascular.
*Unadjusted.
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2.1-fold (95% CI, 1.5 to 3.1) higher odds of retinopathy
compared with those with no poor CV health metrics (ideal
and intermediate categories). This odds ratio was larger in
women, 3.1 (95% CI, 1.8 to 5.4), than men, 1.6 (95% CI, 1.0 to
2.6), with P=0.07 for the interaction between sex and poor CV
health.

Mean CRAE showed a graded positive relation with the
number of ideal CV health metrics (Table 4). The mean CRAE
in participants with ≥5 ideal CV health metrics was 163.8 lm
(95% CI, 163.0 to 164.5 lm), after adjustment for age, sex,
race, education, and central retinal venular equivalent (CRVE).
Mean CRAE gradually decreased with decreasing number of
ideal CV health metrics to 157.9 lm (95% CI, 156.1 to 159.7
lm) in participants with 0 ideal CV health metrics. The mean
CRAE among participants with AHA-defined ideal or interme-

diate CV health (no poor metrics) was 161.2 lm (95% CI,
160.5 to 161.8 lm), whereas the mean CRAE among
participants in the AHA poor CV health category was
159.2 lm (95% CI, 158.9 to 159.5 lm).

Mean CRVE was inversely associated with the number of
ideal CV health metrics (Table 4). In participants with ≥5 ideal
CV health metrics, mean CRVE was 187.8 lm (95% CI, 186.9
to 188.6 lm), after adjustment for age, sex, race, education,
and CRAE. Mean CRVE increased with decreasing number of
ideal CV health metrics to 201.1 lm (95% CI, 199.1 to 203.1
lm) in participants with 0 CV health metrics (Table 4).
Correspondingly, mean CRVE was larger among participants
in the AHA poor CV health category, 193.5 lm (95% CI, 193.2
to 193.8 lm), compared with participants who had no poor
CV health metric (AHA ideal or intermediate categories),
190.1 lm (95% CI, 189.4 to 190.8 lm).

Discussion
This cross-sectional community-based study found that few
adults at ARIC visit 3 met AHA’s ideal level of CV health. We
previously reported this for ARIC visit 1, and similar low
prevalence of ideal CV health has been reported by other
studies.2,29–31 Clearly, the US population has a long way to go
in achieving ideal CV health.

The novel finding of this study was that people with better
AHA CV health had a lower prevalence of retinopathy and
more favorable retinal vessel diameters. This association was
moderately strong and showed a dose–response relation
across the number of ideal CV health metrics.

Our findings corroborate prior studies that have examined
the association between some of the individual AHA health
metrics and retinal microvascular abnormalities. Incident
retinopathy has shown consistent positive associations with
higher levels of blood pressure and fasting glucose but has

Table 3. Prevalence* and Odd Ratios of Retinopathy Associated with CV Health Categories, Adjusted for Age, Race, Education,
and Sex

CV Health Categories Number With Retinopathy Total Number (%) in Category % Retinopathy in Category* Odds Ratio 95% CI

Ideal 0 8 (0.1) 0

Intermediate 34 1421 (15.4) 2.4 1.0 Reference

Poor 461 7829 (84.5) 5.9 2.1 1.5 to 3.1

Poor (1) 99 2801 (30.3) 3.5 1.5 1.0 to 2.1

Poor (2) 140 2566 (27.7) 5.5 2.0 1.4 to 3.0

Poor (3) 119 1638 (17.7) 7.3 2.6 1.7 to 3.8

Poor (4 to 7) 103 824 (8.9) 12.5 4.4 2.9 to 6.6

Ideal and intermediate CV Health Categories analyzed as 1 stratum. Number with only 1 poor metric among those in the poor CV health category. Number with 2 poor metrics among those
in the poor CV health category. Number with 3 poor metrics among those in the poor CV health category. Number with ≥4 metrics among those in the poor health category. CI indicates
confidence interval; CV, cardiovascular.
*Unadjusted.

Table 4. Retinal Vessel Calibers According to Number of
Ideal CV Health Metrics, Adjusted for Age, Race, Education,
and Sex

Number of
Ideal CV
Health Metrics

Mean Retinal
Arteriolar Equivalent
(95% CI)*

Mean Retinal
Venular Equivalent
(95% CI)†

7

6

5 163.8 (163.0 to 164.5)

4 161.8 (161.2 to 162.4) 190.8 (190.1 to 191.4)

3 159.2 (158.8 to 159.7) 193.1 (192.6 to 193.6)

2 158.2 (157.8 to 158.7) 193.5 (193.0 to 194.1)

1 156.7 (156.0 to 157.3) 196.9 (196.2 to 197.6)

0 157.9 (156.1 to 159.7) 201.1 (199.1 to 203.1)

5 to 7, Ideal CV health metrics analyzed as 1 stratum. CI indicates confidence interval;
CV, cardiovascular.
*In micrometers, also adjusted for central retinal arteriolar equivalent (CRAE).
†In micrometers, also adjusted for central retinal venular equivalent (CRVE).
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been inconsistently associated with higher total cholesterol,
BMI, and smoking in 3 community-based prospective cohort
studies.3,4,6–9,32,33 However, by shifting the focus to a
combination of risk factors rather than emphasis on each
and using metrics to assess these risk factors rather than
single cutoff values as used in clinical practice for primary and
secondary prevention, the AHA strategy is to promote a
population-level distribution of ideal risk factors rather than
tailoring prevention only to those identified as high risk.

We found a stronger association between AHA’s poor CV
health metrics and retinopathy in women than in men. This
finding parallels previous studies that reported narrow retinal
arterioles and wider venules are more consistently associated
with higher CHD risk in women than in men.34,35

The retinal vessels share similar anatomical and physio-
logical properties with coronary and cerebral microcirculation
and have been suggested as biomarkers to estimate vascular
health. Also, retinal vascular changes may parallel physiologi-
cal and pathological changes both in coronary micro- and
macrocirculation.36–39 Changes in the retinal vessel diameters
(narrow arterioles and wide venules) occur early in the
pathogenesis of retinal vascular disease and may reflect past
and current levels of CV health, as the diameters are sensitive
to endothelial dysfunction from inflammation, changes in
blood flow associated with tissue hypoxia, and other physi-
ologic changes.36–39 Abnormal retinal vessel diameters may
also contribute further to the development of retinopathy.40

Retinopathy, however, is an indicator of target organ damage
and is currently used clinically in risk stratification of patients
with hypertension and diabetes.

Retinal abnormalities have also been shown to predict
stroke and CHD independent of traditional risk factors,
especially in middle-aged people (14, 18, 34, and 35). Signs
of developing retinopathy are usually asymptomatic. Studies
have shown that regression of retinal abnormalities may
occur if there are early detection and strict management of
risk factors such as diabetes and hypertension, which are
the commonest causes of retinopathy in adult popula-
tions.41,42

The AHA’s goal of defining criteria for CV health is an
extension of its policies to significantly reduce the burden of
CVD and stroke morbidity and mortality. The AHA has
intensified efforts to promote ideal CV health metrics through
community interventions in addition to clinical approaches.
Prevention should be sustained, as both community and
clinical interventions have been estimated to account for
�50% reduction (each) in CHD mortality over 2 decades43 and
should further reduce CVD and stroke mortality if used
consistently.43–45 Retinal abnormalities are risk markers for
subclinical CVD, stroke, and vision impairment in diabetic and
hypertensive individuals. So, improvement in ideal CV health
metrics should lead to reduction in stroke and CVD burden

and reduce some signs of retinopathy, especially among
people with diabetes and hypertension.

This study has some important limitations. First, as a
cross-sectional study, it is difficult to establish an anteced-
ent–consequence relationship between ideal CV health met-
rics and retinal microvascular abnormalities. Second,
measurement of CV health behaviors—physical activity and
diet—were from questionnaires and may not be as valid and
reproducible as the others. Third, the retinal data from ARIC
participants were obtained from only 1 eye, which would have
led to underestimation of retinopathy prevalence. However,
measurements of retinopathy and retinal vessel caliber were
standardized, as were measurements of the CV health
metrics. Data were missing on �6.7% of subjects analyzed,
mostly because of missing retinal data. Those with versus
without retinal data had similar distributions of CV health
metrics (data not shown). Thus, it seems unlikely that missing
data led to significant bias in our findings.

In conclusion, we found few adults with AHA-defined ideal
CV health in ARIC. Those with the best level of ideal CV health
had few retinopathy signs and were less likely to have narrow
arterioles and wide venules, which are associated with
increased stroke and CHD risk.
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