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Abstract
OBJECTIVE—Persons with diabetic retinopathy (DR) have an increased risk of clinical
cardiovascular events. Our study aimed to determine whether DR is associated with a range of
measures of subclinical cardiovascular disease (CVD) in persons without clinical CVD.

DESIGN—Population-based, cross-sectional epidemiologic study

PARTICIPANTS—Nine hundred and twenty seven persons with diabetes without clinical CVD
in the Multi-Ethnic Study of Atherosclerosis.

METHODS—DR was ascertained from retinal photographs according to modification of the
Airlie House Classification system. Vision threatening DR (VTDR) was defined as severe non-
proliferative DR, proliferative DR or clinically significant macular edema. Subclinical CVD
measures were assessed and defined as follows: high coronary artery calcium (CAC) score,
defined as CAC score≥400; low ankle-brachial index (ABI), defined as ABI<0.9; high ABI,
defined as ABI≥1.4; high carotid intima-media thickness (IMT), defined as highest 25% of IMT;
and carotid stenosis, defined as >25% stenosis or presence of carotid plaque.

MAIN OUTCOME MEASURES—Associations between DR and subclinical CVD measures.
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RESULTS—The prevalence of DR and VTDR in this sample was 30.0% and 7.2%, respectively.
VTDR was associated with a high CAC score (odds ratio [OR] 2.33, 95% condifence interval [CI]
1.15–4.73), low ABI (OR 2.54; 95%CI, 1.08–5.99) and high ABI (OR 12.6, 95% CI, 1.14, 140.6),
after adjusting for risk factors including hemoglobin A1c level and duration of diabetes. The
association between VTDR and high CAC score remained significant after further adjustment for
hypoglycemic, anti-hypertensive and cholesterol-lowering medications. DR was not significantly
associated with measures of carotid artery disease.

CONCLUSIONS—In persons with diabetes without a history of clinical CVD, the presence of
advanced stage of DR is associated with subclinical coronary artery disease. These findings
emphasize the need to be careful about the use of anti-vascular endothelial growth factor for the
treatment of DR.

It is well known that in persons with diabetes, the presence of diabetic retinopathy (DR) is a
marker for an increased risk of clinical cardiovascular disease (CVD) events, such as stroke,
coronary heart disease and heart failure1–3. One possible hypothesis explaining these
associations is that retinal microvascular abnormalities may reflect early subclinical disease
in the coronary or cerebral microvasculature, predisposing people to develop clinical
cardiovascular events 2, 4.

However, to date, relatively little is known about the relationship between DR and
subclinical CVD. A few studies have explored the association between DR and subclinical
measures of CVD. In the Cardiovascular Health Study (CHS) 5, there was a three-fold
increased risk of having DR in persons with thicker carotid intima-media thickness (IMT).
In the Atherosclerosis Risk in Communities Study (ARIC) 6 study, low ankle-brachial index
(ABI) of <0.9, a measure of peripheral artery disease and thicker carotid IMT, were
associated with DR. In the general population, mild retinopathy signs have been shown to be
associated with coronary artery calcification 7, reduced arterial compliance 8, and increased
aortic stiffness9. Findings from these studies are clinically relevant, particularly with the
emerging interest and use of anti-vascular endothelial growth factor (anti-VEGF) therapy for
treating advanced stages of DR, because such treatments might increase a person’s risk of
CVD.10–12

In this study, we investigate the relationships between DR and measures of subclinical
vascular disease in the coronary, carotid and peripheral circulations in the Multi-Ethnic
Study of Atherosclerosis (MESA).

RESEARCH DESIGN AND METHODS
Study Population

The MESA is a population-based cohort study of white, African American, Hispanic, and
Chinese American men and women aged 45–84 years without a history of clinical
cardiovascular disease enrolled from six communities in the United States, and detailed
study procedures have been described elsewhere 13, 14. Markers of atherosclerosis were
available from 6,814 individuals from the first examination (July 2000 to August 2002) 15.
Fundus photography was performed at the second examination using a standardized
protocol; both eyes of each participant were photographed using a 45-degree digital non-
mydriatic camera. Two photographic fields, centered on the optic disc and macula, were sent
from the six field centers to the Fundus Reading Center at the University of Wisconsin
(Madison, WI) for assessment of DR and other retinal pathologies. 6,176 had completed
retinal photography 13, 14. Amongst these 6,176 persons, we included 927 persons with
diabetes, defined as fasting glucose ≥7.0 mmol/l (126 mg/dl) or use of insulin or oral
medication for diabetes; no distinction was made between type 1 and type 2 diabetes;
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however, because >95% of people were diagnosed to have diabetes after the age of 30 years,
the majority were type 2 diabetes.14 The tenets of the Declaration of Helsinki were followed,
and institutional review board approval was granted at each study site. Written informed
consent was obtained from each participant.

Assessment for Diabetes and Diabetic retinopathy
The detailed assessment process for DR in the MESA has been described elsewhere 14. In
brief, a retinopathy severity score was determined based on masked grading of retinal
images with a modification of the Airlie House Classification system 14. Levels 14–20 were
defined as ‘minimal non-proliferative DR (NPDR),’ levels 31 and 41 as ‘early to moderate
NPDR,’ and levels 51–80 as ‘severe NPDR or PDR.’ Presence of clinically significant
macular edema (CSME) was also assessed. Vision threatening DR (VTDR) was defined as
having either ‘severe NPDR or PDR’ or CSME.

Markers of Subclinical CVD
Coronary Artery Calcium (CAC) score—Computed tomography of coronary arteries
was performed with cardiac-gated electron beam scanners at three centers (Imatron C-150;
Imatron, Inc., San Francisco, California) or with a prospectively electrocardiogram-triggered
scan acquisition at 50 percent of the R-R interval with multidetector scanners 16 at the
remaining three centers. CAC scores among scanning centers and between participants were
adjusted with a phantoms of known physical calcium concentrations. Scans were read
centrally at Harbor-University of California Medical Center (Los Angeles, California) for
quantification of CAC score, with high agreement for presence of coronary calcification (κ-
statistic 0.90–0.93 inter- and intra-grader intraclass correlation coefficient [ICC]) and for
CAC score (ICC = 0.99). “High CAC score” was defined as having the Agatston CAC score
of ≥400.

Ankle-Brachial Index (ABI)—Measurements for calculation of ABI were obtained using
a hand-held Doppler instrument with a 5-mHz probe (Nicolet Vascular, Golden, Colorado).
Systolic blood pressure measurements were obtained from bilateral brachial, dorsalis pedis,
and posterior tibial arteries17. The ABI was computed separately for each leg, with the
numerator of the highest of the dorsalis pedis or posterior tibial artery and with the
denominator of the highest of the right and left brachial systolic pressure; the ABI for the
subject was the lower of the right or left ABI 18. ABI <0.9 was used as a cut-off value to
define “low ABI.” High ABI was defined as >1.4, because high ABI is considered as
reflecting a medial calcification of muscular arteries commonly found in elderly and diabetic
patients 19.

Intima-Media Thickness (IMT) and Stenosis of carotid artery with plaque—
Images of bilateral common carotid and internal carotid arteries were obtained using high-
resolution B-mode ultrasonography 20. A Logiq 700 ultrasound machine (GE Medical
Systems, Waukesha, Wisconsin) was used at all study centers. Mean maximum wall
thickness across all scans for the left and right sides and across the near and far walls for the
common and internal carotid were averaged to obtain maximum internal and maximum
common carotid IMT value. “High IMT” was defined as having IMT of the highest 25
percentile in persons with diabetes included in this analysis. “Carotid stenosis” was defined
as ≥25% stenosis in the common or internal artery with carotid plaque.

Assessment of other cardiovascular risk factors
Participants underwent detailed interview and assessment of cardiovascular risk factors at
the first and second examination. Variables for this analysis were based on data collected at

Kawasaki et al. Page 3

Ophthalmology. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the second examination when fundus photography was performed, unless data were not
available, in which case data from the first examination were used. Details of assessment
have been described elsewhere. In brief, blood pressure was measured three times with the
participant in the seated position, and the average of the last two measurements was adopted;
mean arterial blood pressure calculated as “1/3 systolic blood pressure + 2/3 diastolic blood
pressure” of the first and second examination were used for further analysis. Height and
weight were measured with the participant wearing light clothing and no shoes, and body
mass index (BMI) was calculated as weight divided by the square of height (kg/m2). A
detailed questionnaire was used to obtain information about medical history, cigarette
smoking, and medication use. Fasting blood samples were drawn from participants and
analyzed for plasma total and high density lipoprotein (HDL) cholesterol, plasma
triglycerides, serum glucose, glycosylated hemoglobin, and C-reactive protein (CRP).
Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure
≥ 90 mmHg, or current use of antihypertensive medication.

Statistical analysis
Presence of any DR, presence of CSME, or presence of VTDR was analyzed as the
exposures variables. We used multiple logistic regression models to estimate the odds ratio
of having each of the five subclinical CVD measures: high CAC, low and high ABI, high
carotid IMT, and carotid stenosis. We used three statistical models adjusting for age, gender,
race/ethnicity, and study centers (Model 1), adjusting for variables in model 1 plus BMI,
mean arterial blood pressure of the first and second examinations, serum total cholesterol,
triglyceride, HDL, cigarette smoking and C-reactive protein (Model 2), adjusting for
variables in model 2 plus hemoglobin A1c, duration of diabetes and presence of diabetic
nephropathy (Model 3), and adjusting for variables in model 3 plus anti-hypertensive
medication, cholesterol lowering medication, and type of diabetes medication (insulin or
oral medication) (Model 4). Interaction between race/ethnicity and presence of any DR,
CSME, or VTDR were examined by adding interaction-terms in each models.

RESULTS
DR was present in 30% of persons with diabetes, and VTDR and CSME was present in
7.2% and 5.5%, respectively. Table 1 shows that those with DR have higher serum glucose,
higher systolic blood pressure, higher hemoglobin A1c, and longer duration of diabetes
compared to diabetic participants without DR, and more were using medications for
diabetes.

The presence of any DR, CSME and VTDR was associated with a high CAC score (odds
ratio [OR] 1.80, 3.11, and 3.23, respectively) after adjusting for variables in Model 2
(Model 2, Table 2). VTDR was associated with higher CAC (OR 2.34), after further
adjusting for hemoglobin A1c, duration of diabetes, diabetic nephropathy and medication for
diabetes, hypertension and high cholesterol (Model 4, Table 2).

Presence of any DR, CSME, and VTDR was associated with low ABI (OR 1.87, 4.35, and
4.93, respectively) after adjustment for age, gender, race/ethnicity, and study center (Model
1, Table 2). The association for VTDR and low ABI remained significant after adjusting for
other cardiovascular risk factors in Model 3 (OR 2.54). Presence of CSME and VTDR were
associated with higher risk of high ABI after multivariate adjusting (OR 13.4 and 11.8,
respectively) (Model 3, Table 2), but not after adjusted for medication for diabetes, high
cholesterol and hypertension (Model 4, Table 2).

The presence of any DR was associated with high IMT after adjustment for age, gender,
race/ethnicity, and study center (Model 1, Table 2). However, this association was
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substantially attenuated and became non-significant after further adjustment for duration of
diabetes and diabetic nephropathy. Presences of any DR, CSME or VTDR were not
significantly associated with carotid stenosis in any of the models (Table 2).

In a supplementary analysis, there were no significant interaction between race/ethnicity and
presence of any DR, CSME, or VTDR (data not shown).

DISCUSSION
The MESA allowed a unique opportunity to determine the relationship of DR with a range
of subclinical measures of CVD (e.g., CAC, carotid IMT and ABI). CAC is commonly used
to provide more accurate prediction of CVD that is independent of standard risk factors or
inflammatory markers.21, 22 Low ABI is a well known marker of peripheral artery disease,
and is also predictive of clinical CVD 23.

In this multi-ethnic cohort of persons with diabetes without a history of clinical CVD, we
found that the presence of severe DR (i.e., severe NPDR, PDR or CSME) was associated
with 2-fold higher odds of having a high CAC score (OR 2.33) and low ABI of <0.9
(adjusted OR 2.69) after adjusting for traditional cardiovascular risk factors plus hemoglobin
A1c, duration of diabetes and diabetic nephropathy (Model 3, Table 2). After further
adjusting for medications for diabetes, hypertension, and high cholesterol, the association
between VTDR and CAC remained significant, while associations between VTDR and low
or high ABI were diminished (Model 4, Table 2). This findings support the hypothesis that
there is a pathophysiologic link between DR and subclinical CVD, especially for increased
CAC.

Contrary to our expectations, the presence of DR was not associated with high IMT or
carotid stenosis in this study. Although the ARIC 6 reported 0.1 mm increase in IMT was
associated with 10% higher risk of having DR, the CHS did not find any significant
association between DR and carotid IMT or plaque,5 after adjusting for blood pressure and
glucose level 5. Higher IMT and carotid plaque are manifestations of atherosclerosis in the
carotid arteries, and they are also reported to be associated with CVD 20. Some studies have
reported that predictive power of high IMT on myocardial infarction was less than that of
CAC score 24. The presence of retinopathy lesions was associated with high IMT in persons
without diabetes in the MESA after adjusting traditional cardiovascular risk factors (adjusted
OR 1.35, 95%CI 1.03, 1.77; data not shown), suggesting non-diabetic retinopathy and DR
may have different associations with higher IMT. This needs to be investigated in future
studies.

We also found that the presence of CSME or VTDR was marginally associated with high
ABI of≥1.4 independent of cardiovascular risk factors (Table 2, Model 3), although it was
not significant after further adjusting for hypoglycemic, anti-hypertensive and cholesterol-
lowering medications (Table 2, Model 4). The reasons for this finding are not apparent but
could be related to the small number of participants in high ABI group.

Our findings have clinical relevance to both general physicians and ophthalmologists. Our
data show that persons with severe DR are more likely to have subclinical vascular disease,
especially in the coronary circulation, than those without DR. Thus, patients with severe DR
are not only at risk of losing sight from DR but also are at risk of life-threatening systemic
vascular complications of diabetes, even in the absence of clinically apparent CVD.2, 3 A
detailed cardiovascular examination might be warranted for these patients identified by
ophthalmologists. Furthermore, there is growing interest and use of anti-VEGF therapy for
treating severe DR. Although this form of treatment is administered intravitreally, a
significant proportion of anti-VEGF agents could pass into the systemic circulation.10 Thus,
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systemic inhibition of angiogenesis is a potential risk, which could compromise critical
vascular responses to ischemic events in patients with diabetes. Long-term systemic
exposure to anti-VEGF agents and the need for repeated administration might be associated
with increased risks of systemic vascular complications,10–12 such as stroke and non-ocular
hemorrhages (eg, gastric and renal).25, 26 Although clinical trials on the use of intravitreal
anti-VEGF therapy for treatment of age-related macular degeneration generally show low
rates of vascular complications, this risk could be magnified in patients with DR because of
pre-existing diabetes-related subclinical vascular disease. Thus, both clinicians and patients
should recognize and weigh the risks and benefits of these agents when they are used to treat
diabetic retinopathy.1

The strength of this study is as a large, multi-ethnic sample with standardized assessment of
atherosclerotic markers, retinal photographs and cardiovascular disease risk factors.
Limitations of this study should be noted. First, as this is a cross-sectional study, the nature
of the study design does not provide whether retinopathy antecedent to atherosclerotic
markers or vice versa. Secondly, subclinical CVD were assessed at the first examination
while DR was assessed in the second examinations. Although the time distance between first
and second examination was relatively short (up to 2 years), this is not strictly a cross-
sectional analysis. Third, we may be relatively underpowered to examine some of the
relations involving VTDR and CSME which have a relatively low frequency in the cohort.

In summary, our data show that people with severe DR are more likely to have subclinical
systemic vascular disease, especially in the coronary circulation, than those without DR.
Therefore, people with severe DR are not only at risk of losing sight but may be at risk of
life-threatening systemic vascular complications of diabetes even in the absence of a history
of clinical CVD. These findings have implications for the management of diabetes patients,
including the use of anti-VEGF agents for advanced DR, for both general physicians and
ophthalmologists.
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Table 1

Characteristics of 927 Participants with Diabetes in the Multi-Ethnic Study of Atherosclerosis

Diabetic Retinopathy

Absent n=649 Present n=278

p-value*Mean (SD) or % Mean (SD) or %

Age, years 65.7 (9.3) 65.0 (9.2) 0.29

Gender, Male 51.9 % 52.1 % 0.96

Serum glucose, mg/dL 148.5 (49.0) 166.1 (63.4) <0.001

Haemoglobin A1c, % 7.0 (1.4) 7.8 (1.9) <0.001

Diabetic medication

 Oral diabetic medication 47.2% 55.5% <0.001

 Insulin 5.9% 21.5% <0.001

Diabetes duration

 <3 year 75.3 % 39.9 %

 3–10 years 15.6 % 24.8 % <0.001

 ≥10 year 9.1% 35.3 %

 Median (inter quartile range), years 0 (0 – 5.0) 7.0 (0 – 16.0) <0.001

Systolic blood pressure, mmHg 129.3 (20.0) 133.9 (24.9) 0.003

Diastolic blood pressure, mmHg 70.7(10.1) 70.3 (11.3) 0.47

Hypertension 71.7 % 76.8 % 0.09

Lipid-Lowering Medication 25.7 % 25.8 % 0.99

Alcohol consumption 38.4 % 34.7 % 0.26

Current cigarette smoker 11.4 % 10.1 % 0.56

SD: standard deviation

*
P-value based on chi-square or Mann-Whitney U test, comparing diabetes participants with and without diabetic retinopathy.
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