
UCLA
UCLA Previously Published Works

Title
Relation between Retinopathy and Progression of Coronary Artery Calcium in Individuals 
with Versus Without Diabetes Mellitus (From the Multi-Ethnic Study of Atherosclerosis).

Permalink
https://escholarship.org/uc/item/0st9x4hd

Authors
Khazai, Bahram
Adabifirouzjaei, Fatemeh
Guo, Mengye
et al.

Publication Date
2021-06-15

DOI
10.1016/j.amjcard.2021.03.026
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0st9x4hd
https://escholarship.org/uc/item/0st9x4hd#author
https://escholarship.org
http://www.cdlib.org/


Relation between Retinopathy and Progression of Coronary 
Artery Calcium in Individuals with Versus Without Diabetes 
Mellitus (From the Multi–Ethnic Study of Atherosclerosis)

Bahram Khazai, MDa,*, Fatemeh Adabifirouzjaei, MDb, Mengye Guo, PhDc, Eli Ipp, MDd, 
Ronald Klein, MDe, Barbara Klein, MDe, Mary Frances Cotch, MDf, Tien Yin Wong, MDg, 
Ronald Swerdloff, MDh, Christina Wang, MDh, Prasanth Surampudi, MDi, Joel Kaufman, 
MDj, Claire Park, MDk, Robert Hendel, MDl, Matthew J Budoff, MDk

aDivision of Cardiovascular Medicine, University of Miami, Miami, Florida

bSulpizio Cardiovascular Center, University of California at San Diego, San Diego, California

cDepartment of Biostatistics, University of Washington, Seattle, Washington

dSection of Diabetes and Metabolism, Harbor-UCLA Medical Center, University of California, Los 
Angeles, California

eDepartment of Ophthalmology, University of Wisconsin Medical School, Madison, Wisconsin

fDivision of Epidemiology and Clinical Applications, National Eye Institute, Intramural Research 
Program, National Institutes of Health, Bethesda, Maryland

gSingapore Eye Research Institute, Singapore National Eye Centre, Singapore; Department of 
Ophthalmology, Yong Loo Lin School of Medicine, National University of Singapore and National 
University Health System, Singapore

hDivision of Endocrinology, Department of Medicine, David Geffen School of Medicine at UCLA, 
Torrance, California

iDepartment of Internal Medicine, University of California, Davis, California

jDepartment of Environmental Health Sciences, Johns Hopkins University, Baltimore, Maryland

kLos Angeles Biomedical Research Institute at Harbor UCLA Medical Center, Torrance, California

lTulane University School of Medicine, Department of Medicine, Division of Cardiology, New 
Orleans, Louisiana.

Abstract

*Corresponding author: fax: (305) 243-1731. bkhazai@med.miami.edu (B. Khazai).
Authors Contribution
Bahram Khazai: Conceptualization, Methodology, Investigation, Writing, Original draft preparation. Fatemeh Adabifirouzjaei: 
Writing, Draft preparation. Mengye Guo: Data gathering, Formal analysis. Eli Ipp: Reviewing and Editing. Ronald Klein: Reviewing 
and Editing. Barbara Klein: Reviewing and Editing. Mary Frances Cotch: Reviewing and Editing. Tien Yin Wong: Reviewing and 
Editing. Ronald Swerdloff: Reviewing and Editing. Christina Wang: Reviewing and Editing. Prasanth Surampudi: Reviewing and 
Editing. Joel Kaufman: Reviewing and Editing. Claire Park: Reviewing and Editing. Robert Hendel: Reviewing and Editing. Matthew 
J Budoff: Conceptualization, Methodology, Validation, Reviewing and Editing, Supervision.

Disclosures
None of the authors have any financial conflict of interest.

HHS Public Access
Author manuscript
Am J Cardiol. Author manuscript; available in PMC 2024 August 07.

Published in final edited form as:
Am J Cardiol. 2021 June 15; 149: 1–8. doi:10.1016/j.amjcard.2021.03.026.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Retinopathy is a microvascular complication of diabetes mellitus (DM); however, it is also 

increasingly recognized in persons without DM. The microvascular diseases may play a prominent 

role in coronary heart disease (CHD) development in individuals with DM. We performed the 

study to evaluate the relation between non-DM retinopathy and CHD and also the association 

between baseline retinopathy and incidence and progression of CHD in individuals with and 

without DM. We included 5709 subjects with and without DM from the Multi-Ethnic Study of 

Atherosclerosis, who had retinal photos and coronary artery calcium score (CACS) available. We 

studied the association between baseline retinopathy and incidence and progression of coronary 

artery calcification (CAC) in subjects with and without DM. In DM group, the presence of 

retinopathy was significantly associated with an increased rate of CAC (RR 1.3 (95% CI [1.02, 

1.66]) after adjusting for age, sex, race, follow-up time, and CHD risk factors. In non-DM group, 

the presence of retinopathy was not significantly associated with increased risk of CAC, however, 

the interaction between presence of retinopathy and DM status was not statistically significant. 

Within the DM group with CAC present at baseline, the presence of retinopathy was significantly 

associated with greater CAC progression (113 Agatson units (AU) greater, (95% CI [51–174]). In 

the non-DM group with present CAC at baseline; the presence of retinopathy was associated with 

24 (95% CI [−0.69, 48.76]) AU higher CAC progression. All findings were adjusted for CHD risk 

factors. In conclusion, after adjustment for major CHD risk factors, retinopathy was associated 

with progression of CAC in both DM and non-DM individuals. However, the association was 

stronger in those with DM.

Background

Diabetic retinopathy is a microvascular complication of diabetes mellitus (DM). DR presents 

the physician with the unique opportunity to directly visualize anatomical changes and 

grade the progression of the disease.1 Retinopathy in persons without DM is thought to 

be a sign of microvascular disease.2 Coronary heart disease (CHD) is a leading cause 

of death, particularly among persons with type 2 DM (DM2).3 Microvascular disease 

may play a prominent role in CHD development in individuals with DM4. There is an 

emerging recognition that persons with retinal microvascular signs are at higher risk of 

cardiovascular diseases (CVD) including stroke and CHD.5 These findings support the 

concept that retinal microvascular signs, unique morphologic pathologies directly observable 

in vivo, may represent new biomarkers of CHD risk. Coronary artery calcification (CAC) is 

an independent predictor of CHD risk, and retinopathy is reported to associate independently 

with CAC.6 Studies have shown independent relation between retinal microaneurysms (MA) 

and CHD in patients with DM.1,7 Also, studies have shown a correlation between MA count 

and progression or regression of DR;8,9 however, none of these studies have used CAC as an 

indicator of CHD or associated retinopathy with the progression of CAC. In this study, we 

associated retinopathy with the incidence and progression of CAC in both DM and non-DM 

individuals.

Methods

All research involving human participants have been approved by Institutional Review 

Board at all participating sites. Written informed consent was obtained from the participants 
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and saved either as a hard copy or an electronic copy in the patient’s charts at 

all participating sites. Multi-Ethnic Study of Atherosclerosis (MESA) is a multicenter, 

prospective cohort study of subclinical CVD. Details about the study design and objectives 

have been published.10 Briefly, 6814 men and women from 4 ethnic origins (Caucasian, 

African American, Hispanic American, and Asian American), aged 45 to 84 years and 

free of clinically diagnosed CVD, were enrolled from 6 US field centers (Baltimore City/

Baltimore County, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; 

Northern Manhattan/the Bronx, NY; and St. Paul, MN). MESA participants who had retinal 

photographs at Exam 2 were eligible for this study.

Details on the retinal photography protocol and measurements have been published 

previously6. Both eyes were photographed using a 45-degree digital non-mydriatic camera. 

The images were read at the University of Wisconsin, Madison, and evaluators were 

masked to the participant’s characteristics. Retinal microvascular signs were defined by the 

Early Treatment DR Study (ETDRS)11 severity scale. Five retinal signs were considered: 

1) Presence of any retinopathy (ETDRS level 14 and higher); 2) ETDRS level 20; 

microaneurysm (MA) only group; 3) Presence of focal arteriolar narrowing; 4) AV nicking, 

and 5) Retinal vessel calibers (the central retinal arteriolar equivalent [CRAE] and the 

central retinal venular equivalent [CRVE]).

Methods of obtaining and interpreting the Computed Tomographic (CT) scans have been 

published previously12. Baseline images were obtained using ECG gating10 during a single 

breath-hold by using an ECG-triggered electron-beam CT scanner or prospective ECG- 

triggered scan acquisition at 50% of the RR interval with a multi-detector computed 

tomography scanner. All images were read at the Los Angeles Biomedical Research Institute 

at Harbor-UCLA Medical Center (Torrance, CA) as the reading center using an interactive 

scoring system similar to what has been described by Yaghoubi et al13 The mean Agatston 

score obtained from two scans was used in all analyses for each subject.14 Excellent intra-

observer and interobserver agreement (kappa statistics, 0.93, and 0.90, respectively) were 

achieved. Calcium scores were measured on exam 1 and then on exams 2, 3, and 4 (on 

50%, 50%, and 25% of cases respectively), and incidence and progression of coronary artery 

calcium were measured.

At the baseline visit, age, race/ethnicity, smoking status, medication use, body mass 

index (BMI) (kg/m2), and resting blood pressures were recorded. Fasting cholesterol and 

glucose levels were measured at the collaborative studies’ clinical laboratory at Fairview-

University Medical Center (Minneapolis, MN). Total and high-density lipoproteincholesterol 

(TC, HDL-C) were measured using cholesterol oxidase methods. Low-density lipoprotein 

cholesterol (LDL-C) was calculated using the Friedewald equation when triglyceride <400 

mg/dl. Diagnosis of dyslipidemia was based on the set criteria and use of lipid-lowering 

medications15. Serum C-reactive protein (CRP) was measured using the BNII nephelometer 

(N High Sensitivity CRP; Dade Behring Inc, Deerfield, IL) at the Laboratory for Clinical 

Biochemistry Research, University of Vermont, Burlington, VT. The inter-assay coefficient 

of variation ranged from 2.1% to 5.7%. Serum Fibrinogen was quantitatively measured by 

immunoprecipitation of fibrinogen antigen using the BNII nephelometer (N-Antiserum to 
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Human Fibrinogen, Dade-Behring Inc, Deerfield, IL). Its intra-and inter-assay coefficients of 

variation were 2.7% and 2.6%, respectively.

Height was measured to the nearest 0.1 cm with the subject in the stocking while weight was 

measured to the nearest pound with the subject in light clothing using a balanced scale and 

BMI was calculated by dividing weight in kilograms by height in meters squared. Using a 

Dinamap model Pro 100 automated sphygmomanometer (Critikon, Tampa, FL); right arm 

resting seated BP was measured three times at 1-minute intervals with an average of the 

last two readings used for analysis. Hypertension was defined as receiving antihypertensive 

medications or a systolic blood pressure (SBP), ≥140 mm Hg or diastolic blood pressure 

(DBP), ≥90 mm Hg.16 DM was defined as receiving hypoglycemic medications or fasting 

blood glucose of ≥126 mg/dl. Measurements for calculation of Ankle Brachial Index 

(ABI) were obtained using a hand-held Doppler instrument with a 5-MHz probe (Nicolet 

Vascular, Golden, Colorado). Smoking status was categorized as never, former, or current. 

We assessed the demographic and socioeconomic data: age, gender, race/ethnicity, income, 

educational attainment, and marital status. We looked for potential confounders or risk 

factors, such as cigarette smoking status, pack-years of cigarette smoking; alcohol use, SBP, 

DBP, waist circumference, BMI, DM medications, TC, HDL-C and LDL-C, triglycerides, 

and use of lipid-lowering agents.

After excluding the participants missing DM status, evaluation of retinopathy at baseline, or 

follow-up CT scan for CAC, 5709 participants were included in the analysis. Incident CAC 

was defined as new onset of CAC at any of the follow-up exams (exam 2 or 3 or 5) among 

the participants free of detectable CAC at baseline (if a participant had no onset of CAC, 

he/she was considered to be at risk at the longer follow-up exam); CAC progression as a 

continuous variable was defined as the difference between the baseline CAC score and the 

follow-up CAC score according to the longest follow-up time. The association between the 

presence of retinopathy and progression of CAC was evaluated in both DM and non-DM 

participants separately and compared between the two groups by testing the interaction 

between DM status and presence of retinopathy in the pooled sample. The association 

between the grades of retinopathy (mild, moderate, severe) and progression of CAC was also 

evaluated in DM and non-DM groups.

Relative risk regression with robust standard models17 was used to model the probability 

of incident CAC among those free of CAC at baseline. Since the exact time for incident 

CAC development was not measured, a relative risk model adjusting for the follow-up 

time was determined to be more plausible than the survival model. Among those with 

detectable CAC at baseline, robust regression models were used to model the change in CAC 

between exams, accounting for the influence of outliers. CAC progression was modeled 

while adjusting for the follow-up time, an analogous approach as the model for incident 

CAC.

Four sets of statistical models for retinopathy were built, ranging from the simplest model to 

the most complicated ones: adjusting for demographics including age, sex, race, and follow-

up time (model A); adjusting for variables in model A plus CHD risk factors including 

SBP, TC, HDL-C, LDL-C, triglycerides, anti-hypertensive medications, lipid-lowering 
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medications, smoking (model B); adjusting for variables in model B plus other CHD risk 

factors and inflammatory markers including BMI, the logarithm of CRP, fibrinogen, the 

logarithm of HbA1c, the logarithm of creatinine, fasting blood glucose, albuminuria, ABI, 

use of insulin or oral hypoglycemics and family history of myocardial infarction (model 

C); adjusting for variables in model C plus CRAE and CRVE (model D). We used Model 

B as our primary model while used Model C/D to evaluate how the association would be 

attenuated by other CHD risk factors and CRAE/CRVE. All analyses were conducted using 

R version 2.13.0 (R Foundation for Statistical Computing, Vienna, Austria) and SAS 9.2 

(SAS Institute Inc, Cary, NC).

Results

From MESA visit 2 data (immediately after baseline visit), there are 619 subjects with 

retinopathy based on their most severely affected eye (~65% of whom had both eyes 

affected). The baseline characteristics for all four groups have been shown in Table 1. 

Sample sizes for 4 different groups based on presence and absence of retinopathy and/or 

DM were 248 retinopathy +DM+, 602 retinopathy –DM+, 371 retinopathy retinopathy 

+DM−, and 4488 retinopathy −DM− respectively. On the eye exam, retinopathy +DM+ 

individuals were more likely to have pure MAs and CRAE while retinopathy +DM− were 

also more likely to have MAs only, AV nicking, and CRAE. In the non-DM group, those 

with retinopathy were more likely to have CACS >0 (Table 1).

For DM individuals, the presence of retinopathy was significantly associated with greater 

CAC incidence (relative risk of 1.35 (95% CI [1.07, 1.7]) after adjusting for age, gender, 

race/ethnicity, and follow-up time. This association was significant for Model B (RR 

1.3, 95% CI [1.02, 1.66]) as well. In the non-DM individuals, however, the presence of 

retinopathy was not significantly associated with incident CAC in any of the multivariable 

models. However, the interaction between the presence of retinopathy and DM status 

was not significant in any of the models, indicating that the association of retinopathy 

with incident CAC was not statistically significantly different between DM and non-DM 

individuals (Table 2).

Within the DM group, the presence of retinopathy was significantly associated with CAC 

progression in all adjustment models. Similarly, within the non-DM group, the presence 

of retinopathy was associated with 24.03 (95% CI [−0.69, 48.76]) Agatston units higher 

CAC progression in Model B and yielded similar values after adjusting for variables 

in other models. The interaction between the prevalence of retinopathy and DM status 

was significant in Model A and B indicating that the association of retinopathy with the 

progression of CAC was greater within the DM group than the non-DM group. However, 

this interaction was not significant after adjusting for other risk-factors in Model C and D 

which might indicate associations are independent of major conventional CHD risk factors. 

(Table 3, Figure 1)

We repeated the analysis for MA only. The Presence of MA was not associated with 

an incidence or progression of CAC in DM or non-DM individuals. We analyzed the 

association of grades of retinopathy with incidence and progression of CAC among those 
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with zero CAC and positive CAC at baseline from robust regression models. The grades 

of retinopathy were defined as: none, minimal non-proliferative (ETDRS level 14 −20), 

early to moderate non-proliferative (ETDRS level 31–41), and severe non-proliferative 

or proliferative (level 51–80). Among those with zero CAC, in the DM group, early to 

moderate and severe NPDR had significantly higher incident CAC risk than the non- 

retinopathy group. The minimal NPDR group had a similar incident CAC risk as the non- 

retinopathy group. Among those with positive CAC at baseline, in the DM group, the early 

to moderate NPDR group had higher CAC progression than the non- retinopathy group. In 

the non-DM group, the minimal NPDR group had significantly higher CAC progression than 

the non- retinopathy group (Data are available in a supplementary article).

We also analyzed the association of AV nicking and focal arteriolar narrowing with 

incidence and progression of CAC among those with zero and positive CAC at baseline, 

however, no association was seen between AV nicking and focal arteriolar narrowing with 

the incidence and progression of CAC (data not shown).

Discussion

The current study demonstrated that among DM and non-DM individuals who were free 

of clinical CHD, retinopathy was associated with progression of CAC, an indicator of 

CAD, however, this association was stronger in those with DM compared to those without. 

The association was present after adjusting for major CHD risk factors indicating its 

independence from major CHD risk factors. CAC is an independent predictor of CHD 

risk and represents subclinical CHD. In a previous cross-sectional analysis in MESA, there 

were significant associations between retinal microvascular signs and CAC.6 What remained 

unclear is whether these retinal microvascular signs are associated with the incidence or 

progression of CHD, independent of risk indicators of CHD. In the Atherosclerosis Risk 

in Communities study,17,18 it was shown that in persons with DM2, the presence of 

retinopathy was associated with a two-fold higher risk of incident CHD and a three-fold 

higher risk of fatal CHD, independent of glycemic levels, cardiovascular risk factors and 

large vessel atherosclerosis. This association was significant in men and women, and in 

those without Hypertension. While associations were seen for most retinopathy lesions, they 

were statistically significant only for retinal MAs. In our study, however, we did not find an 

association of MAs with incidence and progression of CAC.

Studies have shown that DM individuals with retinopathy are more likely to have myocardial 

perfusion abnormalities19, poorer coronary flow reserve20, and lower coronary collateral 

development21 than those without retinopathy. Moreover, DR has also been associated with 

higher degrees of coronary calcification22, and more diffuse and severe coronary artery 

stenosis on angiograms.23 These observations support the concept that microvascular and 

macrovascular complications of DM may share common pathogenic mechanisms.24,25 It is 

uncertain what these pathways may be (e.g., endothelial dysfunction, oxidative stress, and 

platelet dysfunction), but one potential candidate that has gained recent interest involves the 

advanced glycation end-products, which can cause both microvascular and macro-vascular 

injury in DM.25,26
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In physiological conditions, vasa vasorum (VV) provides oxygen and nutrients to the arterial 

wall. Hyperglycemia alters the structure of the VV in individuals with DM.27 Studies 

have shown that in patients with DM, the VV undergoes pathologic changes initially with 

endothelial dysfunction and loss of capillaries; and in more advanced stages with ischemia 

leading to angiogenesis and plaque neovascularization.28 Thus, atherosclerosis is promoted 

by abnormalities in the capillary rich VV of the conductance vessels. Similar findings 

have been seen in retina and kidneys in patients with DM. This common pathophysiologic 

pathway may explain why coronary atherosclerosis is more severe in patients with DR as 

evidenced by higher CACs.29

CAD, which often remains asymptomatic for a long period of time, is a leading cause of 

morbidity and mortality in patients with DM2. Timely diagnosis of CAD and appropriate 

monitoring of its progression is of great importance in patients with DM2.3 According to 

the results of the present study, in patients with DM2; the presence of DR is associated 

with significant progression of CAC as a marker of CAD. Retinal examination is a simple, 

noninvasive, and routinely employed test used in the follow-up of these patients. By using 

this simple test as a screening method, the clinicians can distinguish patients who need 

further evaluation for CAD, enabling earlier detection of CAD. This study suggests that 

CAD may be investigated once DR is diagnosed in a patient with DM2.

There are also some limitations of this study. Subtle differences in prevalence and risk 

factors of retinopathy in MESA compared with other studies may be related to differences 

in retinal photography such as 45 degrees non-stereoscopic digital photographs were taken 

without pharmacological dilation in MESA, as compared with 30 degrees stereoscopic film-

based photographs taken with pharmacological mydriasis in some other studies.30 Exclusion 

of persons with symptomatic CVD in MESA could also have operated differently across 

ethnic groups as a result of differences in access to care and diagnosis of disease. Lastly, 

we find that missing data is higher for the DM group with zero CAC at baseline than the 

non-DM group, secondary to more dropouts at exam 5 in the DM group which may indicate 

poorer health in the DM group. However, these groups had similar baseline characteristics 

and there was no difference in missing data neither for people with and without DM nor 

for those with and without retinopathy among those with positive CAC at baseline. The 

incidence of new retinopathy in those with progression in CAC was not studied separately in 

our study. Further study is needed to address this issue.

Conclusion

Our study has found that, in a multiethnic cohort, retinopathy was associated with 

progression of CAC more significantly in those with DM compared to those without; and 

may suggest that DM patients with retinopathy would benefit from more intense CVD risk 

factor modification and closer monitoring to prevent progression of CHD.
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Figure 1. 
represent the progression of CAC among those with positive CAC at baseline by retinopathy 

status among individuals with and without DM in four sets of statistical models for adjusting 

various factors: demographic characteristics, CHD risk factors, and retinal vessel calibers. In 

both DM and non-DM group, the presence of retinopathy was significantly associated with 

CAC progression in all adjustment models.
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